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l5j J j * JA-*' T * Y • jj a £ L 

jljL* i+J\ s -J 1 (J-JLp • J^_P A_* (_r“i^ 4 *—".iI <_U j-£ 

• 1 *-^-*^i J>jy* J^- 4 Od 1 j' ud^J J L5y-r^J^T(i'-+--JJ J t£jjj'—^ 

. Cwljbj(J jJ ^jUp ^UajLjI ^Ij! (>» Ojjf- 4 ' 
cjIjI—JLiJI jljj«dL*_»- jl . c—>L pJl-» o!j_f ^jI jj JLiL* j^LlS' l 5jLj 

t yZ~S *j j ^6V_ ( _ # *^-S' 0) c-pljj 

Y t «j j cJ^j-^0 J J^ O'j o P ,_jAL*JI ijtd ***^ 1 ^ ^ VT 

jLI^>- jL»jL«' j O <W^»j l _ # UuJl "j*j ^L*jcjV12-» *s-ja>%a j( \ ^VY-VY jJL>- 

• i j> f ^ 'j J 

^1— J e jjj d)Lj^>»_JL »!2 ^Ijj ( _y**'j^ w-jLx5 o1_j^-p aj wills' 

• ‘.T - - - ' B ^ ^ > »X%f1_J»A^ { fA — ^ 0 J y/t AS* t^)\y^S* ^ ^ jC_)_) 4 I t t L <w ■ 1 

. $ jl J* 4aJUx* ijyA C„ - ■«! 6 J—i *Z**t y aS j> <JL*J& >—C—JUl* J y* A^ay 

• CU—jl J iS^ji c £J •^^ 5 " j«-Lp jl t^\ O-Li o\y j 

Aj J^»_JLjb Ij Jj—i vl^pL y»>! ^jjl . d—-1 ^jlJb^J d'JJ *d > 'IdS* ^1 ji (^JUflj* *5ljl 

(jUil ^U-pI L j) Jaj jl #j -U;l ji jA ji a$ JbLjJ 

__jI zS" . XS ^yljLi \S**£ 0 ijd^"* <J^" J jJ e-JUi4 q?* •*> ii u* 

■JL) ur^V lT^ 

(oJLa>) illsi- j i»-jT iajljj oLAS'-(Jjl 
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L— ■ - j 




»j 

^vil D 3 (_>'-* AX^i j_jJ jj Aflljj,- J c>- 

(^l^j (_f*^ e j - f j’-FT 

_r^ 0 Jd^-* - 

\ * * * ’ 

*4r^J 

0 J Aj * ^ ; 0^ s { , m • l C- '■ 1. ^ Lf 

. £s\ oJ-i *^y yj j^J. ^Ijl Ji {J 1S oj J cT^'j ! 

*- pJL^ ^jjjj j jL-* U jL£ jJ (_r~^" fl J ^/i** 3 (j-'- 1 ^ | » il « ■»■ — «* 

lj ji-*l . cz-w^l o jl ^*< 5 Cs"■ ^I^jT ^ j \Lo.. i. ') 

W—-' 1 *lfl* jl Q ■** I ^ ( 1 ^ I C ^ )) Q^ » W ft I^^I—J! -* ^ C j—A ^ H *> II ^ 0 ^ ftlX-^b t ^** W * ^ «i^ ^ 

. vlwil aJ>j^j ^|1 k„^L£ ^Jjjj jJ Jji ^AlXdLili o' 

^)j ijlOj Jali j ^j^sb- aiXiL>- -Lij (J^ - jJ (_£l*jj-t5 J j JJ-* (_f~^ °3 *Jd^>-__r® 

. jjb ftJijp^j i5jjJ'-~*^ oluJjJ jJ ^Ij—j ! _r* J,J <jj-U 


ftj i^jjlS^ j j^*l jj Jbl^j i_jL^ o.. <t jl .,j1 


• »/ £f'j ./> 

IcvUiUwf hOjAjoV 

taJtp’ ^lj tb$>3 





'j Jrr* V o\j->\ XjU* (_jjj_JL 5 ji a_£ ij—i ^yjj-^aj o~t^T *— 

^y L^l^j ■ ■» ^ aj ^ ^-.. Q mi^sS ^jj*?**-* o^ y^ a> o\jj 

aJ! . C-^l Al»y >j jty A->-y J )y xL a£ j_*i? O^ ®j J aJI^c j j^aj 

t y~*- £ ’ Lf ^~Z 0 J* j' o-_w» j <y'j'-* jj^> aj olyl (^Lj-S’Ls^ jLS\ <£ c— I 

jl^ o j j»Jb l ci v* jy? 4j ^y>1j* lyi y a? iy* (_** ®x&LJL® yj (_$jLw .sjly 4 X-iL y» 
J'JJ* 0 y iai-4 • x-l ^5 <i U g-r® ^ ^ J j’^»' J ®->y 

£jo^» “j+i C^v*^* ■ a*; ^f-^j- 1 (j*~^® j •X’LJLfcP aS j jj JL-ftiyi- o^Lc — »1 jjU 

jj.J> ill>- a 5 (J ii?L* y»j»<a jo j c-i!i j(y ^j*X» ^jLjI j Jx oLc^l ijy* a 5" yl^JL*- j! 
Q - ».a.ftl . .iy -Lfc1j_>- jl ^■^-^’ , J 0 J *’* l jj JL«-^ p jJLL~*_® JUjl.1 j 

Ly j » j jj->- j-r J ^' x , ->»j <_5 ^^Jl>- 1—> y L j jy—1 k_jT L (_ 5 jL-j*i -ia-jty aJI— 


J (_£ jLjI j& y A>- L r l „S ' sj oLJ-<fcP A jj^jA j*l»*jl . J^S ^y <Xo (_$ X*j Xjli jly 

Jt» t ^yL ^j l *_^>l ij_>-j jl cj j aj a_^- j ^jJiS ej 

. Jibuti e J (►^ J^L»lS' t y ll-il 4 j 
-> 15 J j — 4 ^ tSJij a_®U^j j jj X r S'b L iJ -J»\j\ s j t_jLi 5 ^jj \ ji 

j ^'l 01 , ■ i-i'.ft * ^Lfc ^Lj Lj c-Li {Sj^J Aj t—JUa^ AjIjI . A^ j _? jly 



0 j *S i 4j J J l ^ ■ * l aj^—j y) I j A O' _} ^ - a X ‘ ^ * (J l_A 4 T.. * j j lj J '*— -*- 1 ^ 

IJJ o. .m 1 <_SUjjU—* j J_j^*J j j.O*a <i i3l_^»- * ■ » iS^jiJ l-^ * J^~^" l ^*L -ijl j a 

^JUI (J^jA ^ jls- j2 0->xJ A j j»a O'lC' j*0 jA 4j ^A15^ ^^.il—1 JI ^lp 1 jllS" j 15° JOS' oaH—1 


O Lj j 4j ^.*..? »j 4. ' -, „ 4 j jA Aj_»- 0_y . - 4 4-S" 4j jJii 1 jLA «jlj A^J jL5" JoL>»J 4 j 

j aoJb aIa ji ji5a j <jaj jj ,j 1 j^a oLjL»T Ja—jl 4_S" o—1 4j a jfLS" j j£ t? ^jli 
. o—l ojl— saLi—I L^jllS” j! jA oJ— aA^j jLS" 4j jLa ejl j jl jl^Lal JL>- jA 1JJ l Jjl eJul -0 >-y 
jA jl^lP *J J-A otjJI ®J J (JjLjI a!- 1 !j Ll . Z ji jl i ®J J i $jlbl lA~* j* 

7 ~ Ja— jj 4 b _S" (JjjJuA (JLa ejl j /^0>w»A . Q.—l sA j_j ba LaI .*1 Aj jA 40_*j J^jl jA 

■ Q. — 1 4Ii ^5* jl ^A a A L a i— I Aj^a 0—1 « J— j JLl-a j j— CAjIjj ol OOa (jLAA jljlill— I 
jl—loijLS' J jlj-J^ .jib ^aL^I 43— Ci2y N l jA JjljO joL> —jLoJ 0—1 J—-al 
Jjl»‘ a 4j ^ y->mA jl^-Ol ^>- (JLa ^LOaIj j aL^OIw l.o A® - A j— ^olj Jo t a ej 4l—j jA 

jl j*-tlA a j'V . A^j JLaI j_>- ^yi\ — .m j ^5—— < — a>-■» I * ■! oLaL-O—I J La ^1— jLI j 

y~ ^ a ( < La1 J (J jl— (JjjjL^wS* a JlSwj1a aL-I— 1 ( ^ 1 jl— ^p. S A ^^IaI jljl^laaA 

^»- *• --a* J^* 1J L£^^i3 _?-* J oJl—laa OJA 4j lj —illS^ Jjl —iil>- 4^ jllap a1—J jj jl.a 

. j»jL»j jXLLj JljAjj #a^*j (JjjIaI 


o^ljxU (j^cl 

\rvr 
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djgfl (J)a§ 


Jl? yT 


£j-*_K ^JJj-+* iT'^—'j~i • ^ 


•j ^ y LS'yr 1 j 

01 <JL—^j^jjJLJb (JLaJCjI^ w->( v^-JT jJ>~ 

• y J l y J ->y J-** oi' J- 5 jUa^l «u 


wimI? ji wt b 1 - 1 

^a L <Ja»lj ji (hydrological cycle) jjjjljjWfc o ili j wt cS'y' ' ' 

. Q .,~*\ a J-d Oib (jLI j a j 




.o,8 4 JL~-' j > ^v-ia ... jj ^ jL»jl 4 j ^ 4?- wd i q ,-j Cdj i~tf* Aj O ^y t ;L*jI_j i‘ 

j >yZ y> ^j'lJL^j i)L>- ( _j.»«Jb— <»V ji j! y <: «cj> (infiltration) ^ 

aj-Uj w-jt 3* (deep percolalion) oij j ,J JL ^'<, *ys- j (soil moisture storage) 

. (ground water recharge )a_S ^ 

I^L^Jl-S yi Iddj1 4 -XjL«j 2yb {J^"^ < ** J -L' jj l£ f~*7 }y j' vC ~*—~s jl 

jl-LX->t \ji (overland How) '~~ j j y^ ild j a$y»i ,j lj d>sj^- j.S 

Jr* 0 -* ^ u/’-r ^ 9 °j Jij* j' fL*d . 3yd. ^ t^jU- ^j i_~wi 

iwi Jb A> (JLicdl a1>- jJt j3 wd <S —a j U . 3 J_JS y ^J>- j yi- a U a. ' OjLjJ j3 t ^jILajI °J 

jinh.i £*AlAg£j b Ol 4j (Lf-15 a j J yyj J -5 oS^-s- Jb>- y k_*0 4d~«*l L aj 
jl<0 Jjj jS 1 ^ tj y—y ijl j *S y\ *>. ^ y 1 ^ <cxLf (surface retention) 

- 3yd ^ jHkl (surface run off) 

. ij (water table) jdw j_ol ML d-^L ,•.....ajyj ^1 ajJlJJ 

(.^1 0L_j->" j pit d 3 L»«j|I ^SvJjjJL-a i. _—d JLdu Ottawa l _y^L5" i j ^L_ » j! J jl yM*L ^T.la^ 

31^x5^ iyi: J^-b-UAS' ^yTjl ^ J 1 Jy.J^oj y-^^ Jrr^jjL) 

(inter- flow) ( 3 jZ ~~j ^jj oLj->" L ij»)}H y*■> bl i.>ML jj Ll>^jI ^« Jg u<i aj ju _*j 

. JCb)) y elj 4j AjAal* uj id .o. A.i 

1 ^ . 41 .-.^ jLfcL^ jl jj j^j L ^°- ut t— d ji 

vLwtL (jjJ *- 1 3 y— M '—‘ J Jj** J ^ 4 b ^y° j b- 

, ^ jl jX-y AjJ du *^4 »-y ^y^JJjL Ab^yU*-jJ 4 oJul i)l>- jl C~j jbj JJui ^j4?- 


illp ji k->? jSjfi? X- i 

. JUbi ^yo jUU IJ ilLX ji k_^>l C~JW? ) ,» y ~~ \ 


ur^jXj ^ 

!j AJL-j jj 4 j^ JuUb# <5^ ^ 4 «* , l 

^>1 . (aquifer) a i a ^ ( fjfjjT ^y> b 6^u#>) ^..a. j -S 1 \j La < 0 ^ <1 . ^LjU^ jj 



ills- , _ Jjl 


Li Oljl) a Jjj <1 i^Sv—aljjJ L 1-1 ..->1 yjl—<• y jl—L .1 C ..■ - i ^j^La-* Ia o')/ jJ 2j^>-j-A 

jl jui oN <-S” . 1 ~..>l ^_}1—id oL_aj j — >-\ oJl — >■ . JjI i jl j ^ysL^ I jl . * i t aS j! 

. jll»L (confined) «j>«u> jiAftf, lj U<oN jJ . JuiL sJlJ. jj-^>w» i j 2 

]ff yjjt j2 . 2 o J^a L JL- 4 I j jjS -L» (_$Ia 4jN £-jjjl 0 ^ j-> (_j» jj-—• J *■—a.L ~ '-J^» <_jLa—pi jj 

J d jl i_j^"jjij '■f'^ LgjT ji <5 p-jjli j^S" Jj~“ (_/!■* L L-U-P l5 pI jj 
S*jT *!'!» La <i ■ C-—<1 jl j ^Ja-j jl l. : ,. .J J^—P Ji 

jl (jj y -*--; j^_p ji aS i jLii i^U aj' i 4jjl . 2 ^ *cJ& (phreatic ground water) 
Jj aS O-d j a dL- iSjjJ^^ jJ Jbloj j-^jI j> ijr'j £*-ia~i 

• Xx\j>- jljj ( _ J —'JjJ 2JjA y-jlDT (_$Jju 


jJL>. of>i 


jjl> f^.Li■■» 


>--ul>-ofj3 -*--- jJL * 



- . T</V, 

(^L^ k-il jl jj iiL* ^.li \f s'/'/ 


tiJ l> J i k_j] Cy Jj»jA j£> ( V— ) ) 


«JlaL 1* jtj L J^p y oly ^ \j jjjj *- r J l djl 1 <_*d>ljl 

jl —i j2 , 2 £ JaI y>*> ^L*»j 1 lj (j^^***^ iS (i • (J V * jjJL>- ji 0i' /' ■ >/ 
Jjjj-j JL.iL eJL^ L^JJ i _ J L^-l jj i)L>- ^5*1 j^j y-Jjis ^jJalL* 

JlJL <L3 jl ^L« ^ * L (^ jl jZ^S jj-«wP jJ ^jL^JjJj y_ji . J 1 . kL.y'lj Ja1j^«j 

ULp c«mj jjjl . j j^»j J^lj-^ - (jjjjLiS jl 0JL-i jli «j ojj-y» jjjl jj 

(«jjp j (^jl^l <—d ^Lj jjxi L oljlji (j^-LjL) iLj j jtj <-_-> 1 4j aS Jjil ^Ujl (_jjL*j 

■ "lj *- A.Htfi l _jV a jjij '— J ! ®J J 


qIom) i^jUih >1 £uam 


i_J 'y . O—i yL— 1 j~y A-iisl* j y—j^jj ' J l <-<»'« y» > ^jL ul - 

JjIaJ JL>»j y»-ta y —’I ‘S 4 ijA- - *- iiL>-ji o—I yl? «jl oAaLj— 

aJ^ i Q —I j *^i >—j! j~]n..i jl Jj ^£jS ejljul • O-^ 1 ' ylo«jl £ja ■ i u.,.» J y* J jS ^y j] 

Aj) J yLj Oi (JJl—i J ‘*-*^-y* U-jljj»l ^l^-S”L>- J>}L> L ' J,J j! ji >»Ssa\^- ji \j ^^, . »!L* 

. (jL* ^yrj sJM r- ^ 

t > , '-A -S^ Jw yJ JbtJ d->w»> (jjLfc 4^5' <| w-p| ^^4 j 

Ji 1 * C»—»V— \ Jill) lyl y Aii^ (perchedV jlic j^mwbj^j lyl aj <5 y .sl»y 

^jL^- ^yL*- (30^* J* ^ 6-S ^ y-> <3^*-^ aj tgjT 4-jT^ij-Uj j y j— L*«y— 

^la! jl lj Jil—» t ejiiU y’u yV_jjs> j -_—~j j-J olijl y* L5* I-*! . ^j—1 y 

aj*V aS” yl _y» aj 0*aI>- y>- Ij oly ,_y jJ I j L jiA» ^Ia« y— . JUS" c y jl»*jl aj 

. jIj yay»kLj j j L« ..> ^93 J aj !j 5 jjj ^jli jS’ 
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W?5!Si«K^ 


i' ji*- 


ji** 


LT**JJ OV 1 


/y Js a . t.I :• . 4ii; . >j / 


, {Jjt'*i '*j*j :dJUij’y . 

Z////7 ////////// 


Ji3»- fj/ li —j I ^Jx» 


u _ 

i 4»M»-^>jyi 
^Lwi jdt- j**u (ji) vjI (oi) 

JU jj^li—l jck- (r->) J5Li 

y**J A_^Jj e3 yj j* 4_jI jl ilL>- jliy* ( _yLaj ^Ll~- j | ^la — (^^Ij jy j-> 

C-^jt j . JCw»'J Jl* £*ijl») t A Ala.'..' ^1 jj lj i3L>- jj ^j-a-_>-> ’—■'I • 0—1 AlijS* Ijj ly» I J jTjl 
lj ^\->- £\ . C—I tjtl^iii-* (^LyLij jJ j 4_ill>i— tto -P y A^Jj aJ yj OjI-J iil>- 





OjjJpj l -LiU <Lij£ jl ji \£ T (JpaJ^- J-> j' J- U .. . ,..>1 ^ r j j.» <0 ,*j ^«j5sj jJOJ ji 

^\jl ji a 5 jjp 4j . .1 y -Lfcl T~ ) fSwJ JjjLiu » Ju _>U *j_ji }l f-J 4jl_^plj'j\j i. .ji ji 
4-5" jjlj iy>-j jl ^jSj U *j*V l y 1- — —;' (_j"VLi Li^L) .s^-i 

. O—*t eJ_»l ji Oj y—0 ^ y lj 01 ^LaL^A* ^L»j l ^1 <C-^ v“ ^ y*-v? ^ 

<_jT <ikLj JUjL* j—1 ^1 4 J- 5 y* jljJ <>-j-^ • ~Uj j-^ (capil lary fringe) ^ *u>$* jtji lj -u’V yl 

4 (o~*l c~-i» jLij jTjj *_Sj ^^j ji j ^j a—Sb^ ^L—il cJU-^o jj 

. O —'1 yii* (^$1 ^ '-*■’1 jioij 


■Jl£ ji jlwi T*— ^ 

. J yZi ejlj (jLLi P L S/ ^laa* grla^jj j<5" jLii 

j*-a (_& i_»b—i l< lj ^^ jJu_J k_So a5 Jjj—») jJyj j j-j -A>-lj l j~j il>-Tji 

. c~>1 j> / Jyj) 4 jUta a>-Ij j (ji oS^y>- *u icJlI jjj^Ajt 

jjb <i L j (hydraulic head) jjJL** £l»Jjt b <-d^Liijl —p- y jLii LJLp liU- j <J\ 

: <5 Jd (head) jl jLai^-l 

—s-^)p=(^>u—?-^)pxp w xg (^-') 

iilsi- JL»jJ j-> (10 kg.m _ ~) l-pT = p w Jy>j» ^1 ja 

(9.8 m.sec~ 2 -)&*} Ji‘ = g 

. i j *j oLii~d y~t (jL<tji) j (bar)*jU» (_^L*a>-lj jl o1_jj - 1 ^da jj 

(1 bar)jl^= 10 5 Pascal 
yL-*3l^ = 1.0132 bar 

‘ tw-o^il j jJp e; 1 j 

jb i_$vj — i-$d — \ * (i_4 ^Lijjl ^L») 

-hU jl jlai» aS i *t^f* •iki—x‘1 pP ^lla^a* fi jlj jl sI-ojJpj ^yCL* jl JLi (jil^ jLij (^ly 


pF = log 10 |P| 



jUi 


c—! (P - P a ,J j -a. — j'l—Lj ojlj~+j> ^Ls —jI £h~* ji jLl_j 

o^—* jLij *iL^I <j jLij L o—*1 j> <1 xaj jLUj <. 1 ^»j a— j 3 

LJLi ^jLlwI ^ a * - j- 3 . o — I <cj £ j\ji a ]aij ijT t _j'yL' jj *S 

b ‘‘T’^ • (*J-* O^y bum = ^ ^ P > P n im^ “^4 Lf" 

«JL-1 d\i jL— f- ) J£J1 ji aS j jb jL»ji (piezometer) <, «lI— j *j jljj ^ 

. iSj^ •jlkJl 

JU^k. 

^v.vo( " 


Pi(^) 


U 


V^^XX~ 




i^l dj-j* L £--j L* * 


^L-^l jik- 

(P = P aln , = 0) 


T~! 

P lc-4-V, 

- 1 - 


1 ww 

i 

i 

! »J-1 ikjl 

| "_, 
l/ S'U ax * *3 ^ 

| 4 LU{ *5" 


r 


l 




A» 


J 


eJl> ji ol jLij «jljj| ('f- \) 


jJa*u ^yb _p jUJ 


i 0—1 L*jjj ^yJiAj jji I jJ 

aS o — I u/tikm fjuif *jj~j l _|^- 3 L-»l—'I jj-?> iS^*JjX 

. Ajb iJLsJ- Jl»L* O. 3 y. ^ 7 yS j iJLk j —T ^L*)j £!^ (adhesion) ^foa*-* <j 

■ o—l J£*S «ya*» jJy-* l$L» JjJ J^-li ji —T t ^Uj jJ> ij-^rj JJ^ << 

►U»kf ^l«J*) JulL <J^(a 4>-j o—l ,_y4^ ^Ja— j±jj2 ji —j j!JuL* 



N,r 


L>- I — (J ^ LsA* 


jLi-j 1j jjj ji w-jI j UL> . JjL ^a_Ji jt-la jl Jj* (jL-Ji'o 

! L JJ.»1 fj O-- j! Ja^ *£ JJalj jjj! 4j_J ya 

P = - ~ 21 (Y-0 

tap Rp*g 

(w_-jT ^Aijjt (_$! AjJ^ jLU — P, ap oi j3 a5 


(^ 6°C Jj S) ^\y N.m" 1 ji. ^ ^ • / • vr) 


= T 


(m) w<l ^ixwj ^L*-i = R 

(10 1 kg.m 1 =)S\J l£f = p tt 
C9.8 m.secf 2 s) Ji‘ w»l^S = g 

i cJL>- ji JLiL jjj £j*-i jj\j* <• JS\^>- Jll^J ul J^> ^JL>- *-5^! 

tap Dp w g {T V 

L 1 * -•*' jj \jj jju jj]e aj P jlJLL. . 0 -m< 1 -tA l * ^iaJ D *& 

; j\ . ^ u,—P tap j o jJL* ^^ D 

. e_Li ojlj (jULr \ jJ '-SvJjIj i^Lfc J ji j-i w-'i 

j (Van der Waals) Jl jji jlj ,jUj^_J Uj^_J jj : L />Ja~> <_£[* 

. Jj! i jlj i~j\ aj ^j^SjiS o!ji *lL~hj aj *£ JJ.L »J>vjLj*< I j 




J* iy>-y-A L (JJjjLj Jj yj> ^jA (Jj’Lj <__£ j'A-jLS J J_J- ^LftJ j-J 

Ji‘ j? l5jj^ ( ^ — ^ JSJi) Jj yit (_gj|j jTj^ j »i l... . «> iJU^- «JJJbi o!ji Aj 




1 _yO« j~» ill?- —I jLLj . -iJU y> OoIj ^'O—jI ^ la — * (^VIj ji j <Oj_j yy* jl y 

(soil matrix)o)lr ^£>j u \j jl y ^j->-^ o^i?j j iJl>- olji ot-. (P < P atm ) o—I 
kj£ jJ (suction) L (tension),>ai)U- OojAa j jLii <1 jy**** . JoL 
dijJU ji** joit y . *yZ ^ \SrS 8 jl-J^I (tensiometer) yt&JU <L—j *j jT jl-u* 
jy jL^jI ^y^ia— J i5^* Jj-r*' ^ - J *4 ^ Ij (mairic suction) 

tUjjXAJjg jUi ^ 1 1.* jjj O-b jtijO *S Jj]p jl«-» . (T —\ J5—) -^S >SjS °JI-^I 

. -Olj itiii yAjtaXi jt mi) |*_fc Ij ^yl lw l jlib J J** {J 4 *ZjJ 

*J—.*j*j a-ui ^1 

*ir—_} V ,^jbf£j) ^y.Lii J 

oit> * L — < j Aj 4^" iiJl» Oa^i?j (^ — N ) ,j£j« 

• jl j i L^^yy 1 j 

Jt ^.I jj j— Jj-i Jjlj ‘—'I *J C-j_J? jl Ij Jjftaj -^jla jy*i ^L^U- J- 5 

I yj . o—l ^L-il ilL>- ji jT J\ Jl y-iw —Jl^-»4 j ^L-il j-S" ill.?- jj Laji^J jjjl y\ . c-> j-^ 5 

. 0—1 ^Lil oil?- jl jjjLj ^1—1 Jaul j-* j} iii.laltf- 

Jli- ijiijbj &L0&O& f- 1 

4^ jJt£ &*{&j t.A .‘rfi Ij (P) »-Sjy l* J^a J (0) ill—?— - OjjJjj jljJL* *^1-5 
jlJL2_* <-»wljw?- . J J_«J a J • <li l!l? 4 <1 W ‘ i ll J I <M| « | i ^*-—<1 ^ dj j—? 4j ^pS") 

(retention curve) ( 4it* p djjfcj ^jfo^gS ^Mt, jl j*—j (pF) *j o—-3 (P) o-<_jls >j 

ill>- 4j JA>j l«^j jilj jl ji ijjtjb Jl #l^i^L*jT jJ ji^jj ^jA I J iJU 

jljUL* __J O—I ^L-il ill>- *jy*J l-ol ji , £jj\ O — $ 4j (V— ^ 0<»«J 

•jb JL, Ijil P, *jlJLJl <j ^ jl jl ^ . (P c - 0 cm ; 0 O - 0 s J JuiL^ yu^ jT y J&* 




'6 


ill*- ji 


y -*s—*- 'o P — l 00 cm i y a ^1 ^y- y j5 5 y^-yA JL* 

. (jj y> j^yl>- L -—"'■ j* jl jSSjy L^jI jia# aS j5 5y>-y*a W-J^ ^L*J ' 

(_JojlJLil ilLsL jl J-4. a i -L—< *—iii J ~~" cJL>- ^1 j5 ijy*j jl i_j1 l)JL_£ ^-jLj- i jUj 

Oj- j,Jb . JliL* iiL»- P ( 0 >*j C—>4 t jl.J L fl, * ^1 . J j—i < y 

i,n~ ~>i^> jyJ>%-A ol^J-O L^_i jJ j^l . 55 jL>- j_J ^ JulLn jl i~~A JuL 

(A- ^ )J£Li JjUa* *• J i _y^* i -Hj-i .j j^f; c. ; ■■■> P j 0 



► j ll> r jj ft l^ Z iliW J (V— N ) 

■ 3^Jkl G ^ IjLha* I ijJ J 3 


i«-jT ^yjwjjJ oj j-S^ AiU^I j c ^ .. l > ~ i5U>“ Ajy*>j <*£j jl L OljJ y Ij 8 — P y^c **; <>-y 
^ypn^A jS I i3l>- ^jj-* *cJl . ^jjl c~»o aj j_-i (jl 0^ jS «_j j_«) 4 jaj 

(jljj 5y jJoi< jj ji jrfl ^— -:s< ! (3 j* J ij* J* <> lj8 — P 

. C-^l l-Lo 0$£ (j*JJ ®J 

<*a>K-2+A 4& A— ^ 4j 




- <J j ' 




t oX^ _* J Liuj t jjj aJ LjJLfct- Jjlia i (I S) ^l^U- j 2 . .ii^X cajLiia ^jJL«jfc L 

. j^S jjjjL j ill>- i_i—>^jo j ji_ijLa^x»^jiiL-s V • — A • j! y .X ^ ^JL5Ja u l^S’l^- yA ji 

^J-AjLi w~P Aj Jj-i aS -X u J-i jlXia pF J.S la 

.frJLS ja ji a£ j jIXLa C - —*1 <5 Aj A>-jj l( J Ji5^ ^a !JU 

f^ J J- 1 • c “" 1 ^ j '-:—i “ L '*-^ <j“ <J ^ j J (pF > 3) 

■ “^u* u*^ ills*- ji iji~ijbj (_£.sIjj jt..Xi L » J-j Vlj (^1 fl.*.£v» J eJ^j Vuj t_J-LJ£jia«y 

^ .J 1 ^ J- 5 Ji' 0^ ur?*^ u 1 -** -> t£ 



kJl> jj C«jjJ? j iS ^ j : ■ '* *'»'* ( A— ^ 

. jjij ^‘—j J*j ijl <j J»i>-L»a Aj A^JL .liL>- CuL Aj L^X Aj iJUi A 

A^ ^y jy*p J- 5 *• -— «t ^jjj J 'tS^jS Julia jlj JL .11/ ji <. 

J-jJ jb j t_gl ^ .tSL* O^J J JJjJfj ^S \Sjy Julia Xjb (_$X L 

. -Xi*i ^j^aJ 



Jl£ p i-»T 6- 1 

* *" IjkJLa jl li-.al CajlwU- iJLsi J k_jT |»i ■ —. .a jl aIhA) l5sj jJ ((p) w 1 ! ^j_'Ljj 


J 1 - 5 J 



w 


j jj J .. J j\ J-^ai 


ji aJ $ __ 


jA jl y-^ aS 


jl eyl fy 


J *Jsj aS j^ (_£ J A j N (fjj Jl) 


. v 'I Ljj y 6 (_>'J Aj |—iEj ''i *<—^ w <Jaju jl <0 j ejlj C..*^y- 

^ji .^ . M jl j - ,^_..i5 ’»_jL>«»ij! ^>-jlyp aj a_J Ij ^ j—■—^ j ilL?*- j e*<1 y..—....* jj 

.* 4 J»i^» jJ S\ ■ (P, |lln — 0 J (p = ()) Juilj ji.s> iij>- k_jl J—jEj 4 yj| ji . kj_«*il 

. JJi ^y> <CS S Ji jJ j* jl yJ* 4j J »—A jl J ^Ifl.x >_3sj 4 *LiLi AlJiljU J y j ^jL ' -. - jI 

(E) lSjJ = (E) jj * (L) oJ -- J> jr—• 

= (M) f y x (a) L-jU-i x (L) 

j (F = M x a = kg x m.sec"‘= kg.m.sec’ 3 ) J> j_J jjJ> x>-\j t < _ f JUuJl yo jL>j jl~ 

Jjj J_*J J -L-1j IJJ c—I (E = F x L = kg.m.sec’ 2 x m = kg.m 3 .sec’ 2 ) Jjj ^ jJ 1 -lo-lj 

! Ijjj Ji-iLi { j» ^LLJ yu JjlieA <5 0-^1 y^j jj 


(kg.in*.sec “)/(kg.m.sec ") = in 


%o 1 an= ( P g +( Pp 


*-jo- jj JaLS iiL>-1—'l J~—jLa 

(f-\) 


J» jj eJ jj_> j_?- 1 j y> <5 c~>l jIjlJL* : (gravitational potential) yU5 Ji-Jt^-tp^ 

. -Uj ^ LJ—J jl L aj J «--S' jyj Ji* J L. aJIj jJ Jy oS - ^ 

J> ji k_-I j jj J*^-l j y mJ -I Jl j|j_5_« : (pressure potential) jjUii J*-JU{_(p p 






lJL» 4_j^boj Jl jj Jy- _y 


jl j*c* aj J ... ^ wi ^ ji .i^ _^l ^ JU-L *c_s jly a, ^ ka i£jj aJS aWaj yk 

y la .»i V Li jJ aS aIja i yk . JulL ^y (p^ — 0 J (p^ — 0 ^Jj^j J}a> ji A«wIjL« ^la.i 
Alaii ji ^^1 . lI—* I tp t < 0 A_wL 5_* ^la .4 ^jj i?Lij (^ly J (P t > 0 JL* ilj AJL» jS jl J A—jLLa 
err*j^dJ V* j a ^ pL^ iS^y. . ll—I (p p > 0 t J-iL o-l^ jUii Ji jjy 

(i5l>- ijy Jo j Aala. a) JCajIj ^yli—jl aS^ Jolii ^ J j lI — ( p p > 0 t Jul 4^ J J J 

. (<p p < 0 )^ 1 ^^jLliJ-Jb 

c-jJ oj 1 ‘■— 1 * Ej %< ^ tfik O ji JS - J*—JUj t^ly^l yjLL» \ J^-i jJ 

^Ja-ki jy^ C-j^yl jJ t JJ jS eJLfcljL* 4 JL*S1j JjI«j ezJl_>-jj yLi—;! ^la•* U ilLoC 
L i—•■*! y\y 1 yl* .».jl «..'—« e$Nla jJ aJaai yk ^jLJLk J—■*jLc o— 1 .»j a— jL*jk a —iLL« 



k* jlL* _ 


\ A 


i ‘kl—'b J**" ^ jO vAi* . i«J*-»^Lp L J 4 «* la 4.1 (jl ^jLaJ ^J^^jllj 

<Pa= V ( ?r =Z A + i- / -A > = 0 

'. O—-I B aJ«ajj.j’!>LL» 4 C—-I j^jJ uL —ft ^jjIj — jI ^]a.ijjj *S ^1 \ji f^y+0y* ^j! 

93=^+%= (- ? b) + ^=0 

OJJ-J^A-j iib“- ;.> .1 JSJ-J-* J 0»-*S ji—A» a1x4Jj> jJ *P( total) Jt M ^{ J*^.- 1 **-> jb^ *i 

. (j j-i Aa>-I y> »L*j C..« —j Aj) JLSIj^ <Z*S j>- (jjJu J OnJLJjjI 


JIp jd u>T £jj9 9- 1 

, JJL-^j Ji>- 4j 1 J 5y>- (_g j^jl A? -Ijb i jjljJ jJaIa- 1 J jb Aj iil>- J «—A ^'>...^.M 

<JU*jI ^L-oJ> (jl ^J.5” t J, : .... ILXj Aj ^jjl>- Aj 0*>i .iL j jl ( J_£ ^Jj-^iLj 4-5" (^W - jl A JL .,, A i^J\ ^\y[y 

aWaj jl t_l( (CP A > (Pg) JLilj B Ala4j jl A A ^3 .4J ji I^J\ J..^.lLl £\ ^bjj* . JLilj <S~£j>~ J.i 

4lajlj aJ C—ltj AaI j.>- <L^bl jjjLa j lj <L-S yr- {j .jl j . J jS JL&I y»- £*S j^- B AiaiJ tj J» Aj A 
^L^mJlj_K Lj x£ < j* Ijl-j ..^ 4 cuS"j_>- _yl ji . jl_JiL j!jJ^j <p A > cp B 

. jlaI 4p*- jL o £^- jl aj£ <Pa= y JLwi^J J y>- ^|5ljL>- Aj 

(Darcy) 0 $>tf ^ U a* a_J y j j_jili jl B aj A jl ^_jI c-5j_>- 


: x5, 


Ll» 


v = - K 


9„ ~9 


A^-jj Li , I .lib- Ji>-b ((^g^yd L i i C*Sry-p) w-aI jL CJ 

O £ \ji iil>“ oljj lj 1 61 Jj?? 4A ^Ira^i jl JL>4 j jjk jJ AS" ^jjl Aj 

jl i jjLj* Jj«^b jl ^ 4 .. 4 >- o-p^j l.U ^ JiLj* J>-b jl laii iwiT j C—»»! 

Jau *yJZ—A JLmLi ■ Lsi^ ^ * iiL^ ^ApJLi^j (JbU* (jl^v-P Aj O—.1 jZ. JL-t J.4 

. d .t-y^ ^j!^j Y /6 6iL» jJ>-b jl *z*&yM 

t jlj Juj*- jjt> (. -Sjui (jA AJjL^ l5ja6j j_j-aj (jt Aj S/ ji^-jaa ) i)l>- ^jSLJ JjJLA» OjIJlA = K 

. (J ji») B U A jji-AJUoli = L 


(b-\) 

= V (jl *5 


^. , 9 b - ‘Pa A(p . 

J jb J»u (i) -J-- = -j— jlAc 





j 4 k_»>i k_. ■ ■« U k_wlxia ilL>-jj <wjI -S y>- ij jjLj aj Ixj 

^oia . jjU« j! ji I j aJoj I j ^jI Jl>- yti jj a? i~..d 1 _<j — 

L a»- ■ “^*^i {_f* d-S"c-^>- jj J _ . — >Li aI> o*—I ^jI bJuaj jLij <3 jIa-* jJi>- jj 

■ l-U (<_Sj \y\ jJa-«) jI-La“ -^L J*l 


! ( ) * — ) ) Aj A>- L 


<Pa= 7 -a+ P a 
<Pb =Z B +P B 

: IjJ jjj Jl*Ij>- cp B ~ <p A = - A (p 1 *-^’ ' j*ji C-L. IjB <u A op ^1 a£ 
- A(p A(p 

V = _K— = K-j--Ki 
Q = vA = KiA. 

m.day Lem.sec’ 1 s _~y (v)c-pj— : IaJj»- 1 j 

L mi_^ jj L j cm L in - >- y A (p)c~*l Juy jj Ju (i) 4_ rr i 

(c:_>1 cm 

m z L cm‘ (A) ^joi* ^Jo— 

nr'.dayL cm' .sec -1 s__ y (Q)^ 

m.day’ 1 Lem.sec’ l - r S . ( K ) OjI-Ia 
ls**-*tf ^A) ^L>«j ^-k jta ji jljJ *> «^AL ^jj< stf aj jLj^- ^^1 

Q = KiD 4 L ^jI^j j-p Jt^ljj-® (^ aj “-' ^ a ^*) jlji Ij (D) ajN 

JLa*)( I Ij KD <—j j ..A 1 L>- . (Q/m) j_s- j i <jji Aj jl si-««1 sijl ..>.g- Q a_S^ 

. XjjS* i]L>^ (transmissivity) 


^5LJ V- 1 

i)L»- jl (jJLiLa y J Aj Jji aJlAj ji i]L>- ^kJjj-XjA 0*jIJsA 

( JLi1jil L ! yj . C..<jI yy» t)l jJ j-i- jji» Aj w'jl jJ»“ A>-jJ . 3jli C ..«l « JI j! j\aa A 5 

1 JLaLJ Ij . JLjL K jl-i—Aa j 8.x ,.a A -jLS - 4_jl jJ jl 4 sir>jl _y~ Ajj-jJ 

J ^J j eJL-JS jjD jLjj^ Lfjl jJ Sw»jI kS (^JciLa 4 4C-Jjis>j J—s<s 



Jb- jj w<!_ J_.! J_ai 


T \ 


1 Jj _• iI O jJ>~ jj I ji5 bb-fl jlL. .—■■ >• ^ • 2uS ^-a i-bj l _ f ljljJI 4^1 i^S ._ 

s i .,,r t-i^£) <L~! J t jl ■ 52 ^ Wvlwbfc 4 _-J jljfcLS" 

I J ^Lsss^s Sslsj L>- j 5 S^-SsjlsXft S S. J ^ L ‘ - • #\ ^ L -l Sslsj U" j 2 < 1 ‘ lls ^ A S J J l .JL® l (j Lw* *0 

. Jj^oJ p-*l ^ jl ii*tjt) m>I.XA L jj '“ J jj -’* 5 J -5 


jljl» i_J 


i -J 






-‘j 4 ss* ( 


~ -4i 


4 d) 


Pa 


P« 




r^: 


y 


•^Zvm 


A r/,-',^"; ■ ' ' , " 

--vf- •- * . ,•' 

/. '(///' / ■' / '' / / 
y / s / / /../ „ 


-k~ 


Jl^l. 


'S. >1 


a .';;;;; 4 - 

/>•; -//A 


/ y V /// //\ 


\ 


_j ULc ^11. 


(j *»j I i jj-’ L* t»? [j>l ij*i Li (N • \ ) 


jjj <J j Jj- 4j y> L> <jl y> fj* I j sil jJ >_^LjS'U- jJL»A Osjl-bft 


(KJ OjI-X* il>s ^jj 


10 - .50 m.day 1 

O-ijJ j 

1 - 5 m.day 1 


1 - 3 m.day* 1 

f sCr-^^ f ^ 

0.5 - 2,0m .day 1 

'~?y- jU^-L- U ^j j jJ t 

0.2 - 0.5m.day* 1 

f-H lT'"' 

0.02 - 0.2m.day* 1 

i/ijj jU^L- jj a, j-*j j * J 

< 0.002 m.day ! 

C~Jlxi jl Jj[^A J J>- i3 f Cj»wi ^ J 

(oJbj 



— L J j} i 


YY 


AS J^jI Aj A>- yt Lj r^bj • i jb Jr- 1 blL>- j l <0>- L-r Aj r ^SO—j ^JjjJLA O-il-i-A L - * 

f*V J I Ali J r ^1- — ! Clb*" V J J j^N*0 Alta dj Aj ,jJ I aJoXj j 1 ^3l>- C L ».»*>" 1—r 

I jJ JrO* Clrjl-i-* * L^Jb"- J jj . |Q r I JO At- J'jA * J? til jJ JrJ 

jj ji) (Enistropc) t>3jj*A j*s I j L^l>- ^j^j! . jcijLa— ^>o .oa L Vj ^»-p J <_ybl 
. (o—I jl—5b 0 I 4 *- ^Uj jj ^JjjXyA OjI-La l-o^ws (isotrope)Jj$_>AA ^L^U- 
jLirl d 5 l>- Oj^I»J At C.--— Crji_Lft ^!Lfcl 5 0 J>A ( \ ^ ~ ^ ) ( J^-i j 3 

Jjj j O-ijJ ~L»l—• jj —*! ^.- w j gj y eJC^S y SL_*— ^p-O* jjl ^JLS^ ^JL£— . Q,-*l b.Jl— ejb 

A_J . O .rl ^JjLj At Or*jJ b—jl— Cl ■ — J ^1— ^ ■ ■ * ^L^L?- ji . CrrK I ill l_J>- 

• *1 <_r"j c^'^—j' L^-fL^ jjl jJ (K SJ1 ) ^L-—II oJl_>- ji L~* OjIoa 

Ijjj o—l iit+5U- jl yjljJ LiU 5 " 1 ^ L$' Ojl-Lft <, 

■ 33^* (^r^a— Aj 3^ 3^ jjl— ^jl jl -Ajl^j ^-a *i_->l j aC —<1 L^S'b*- y*j Jblo 

i»jlJ— jj At _^>- AS’jb jj Ij ^JJo-a /jjl jljj O ^ ~ ^ ) C J^— ( _ 5 ~>Oj J - 5 Alx?r*>b> Li 

Jr-~i L lS (*-d 3 J J^3 l ,i ^»b- i»yT jl£L«1 (JjL— 

ajj5 ‘—’I ajljjl v-^Aj J J iJLs^- j3 jfi> jlo— j jJ ^5*1.0—1 Lf ~*J l _j-<^ljl jl 

Jl>-ji Oj y* OjI JlA J—5 ^ a -* lj-i— jll—jljjjl j J— ^ ^^Ij t JOiLl 

iiL>-j1 —'T ^3 jl *^ 4 i j— jb UjjLj AjUj ASjj— yAjA ^jt\ . JCS^ ^alJrj ^£jkl£^ O 1 -!— At 

y*t Li (_jl A^JyA Oril-Lft A^il (JL>" • 3j^ <3Ajy+0 ^«>»— Al 

i -ri ^0< jy*& L~ - ; OP L L^U- ^jjljl ijLS^L^S'j a Lj yA 

ajLii — I ^jLS^pjJ ji eJ— ajr>-i —'I jl l)I_jj ^y> J t—l y> Aj ^Lji'L >-ji u^jI oLilj 



■ J y*J 





ljJLp jj JJf qUjP’ A- 1 


- < 


. ^‘-.^I (_JiL- ^ j—i ^4 . .*''. iL-JL->- >>__> I L. S jJ ,^_—/jlj o ^jL* 

\ T * <i ,ill>- jl ^ j — -* (^f^ 1 *' i^} ■ '—■ ••'I »JLi « jIj (ji-ILi ^ T — N ji >—>1 ^UJiij-P 

<1)l y~* 4j — LJ- . >j.,. ■«! jS jl^i ^^jI—« al kwSsj jjj'j? L ji *S 2 j*ai ^jA aJUb L J L * ji* 

jj ills- J—j «—>! jl A* . j j—“ jl 4 j 20 mm.day 

jlj (Jj-* jl ajLi—«l 0 ijl^J { jt lj K I—Jj-a jl-jLi* . U . ■ a I oj—i j£ Cjljdl T * 

■ 4— ^jj j\& ^jjJL* 


Acp i 

v = -K-p- L K = - -r—v 
L ' A<p 


= /l 


v = 20 mm.day 1 = 2 cm.day 1 


L = 20 cm 

Acp = ((p + cp) . — (cp + cp ) = (z . + P ,)-(z +P ). 

' vt g rp / n+l v • g ■ p 'n n + 1 n + l 7 v n n ' 


L <1 ji\j> K jlJLLt z = 60 cm j z = 80 cm ^ J~4>U Jb-jj ‘>A» 


K = 


20 


2 = 


20 


(60 - 30) - (80 -32.5) 17.5 


•2 = 2. 3 cm. day 


^ j-1 4j 4 >»Lj LJJ j^*0 0^^ C—4— j? (_£ljJ K jj jli* 


J^,u 

jl>- ji z= 120 — > 

100.... K = 2.0 cm.day” 1 


z= 100 — > 

80.... K = 2.1 cm.day” 1 


z~ 80 — » 

60.... K = 2.3 cm.day” 1 


z= 60 — > 

40.... K = 2.7 cm.day” 1 


z = 40 — > 

20.... K = 4.0 cm.day”’ 


z= 20 — > 

0.... K = 8.0 cm.day”' 

j o_yli -AjIj c— 

-»l j-jCL* 41. *J^ j^jiaj <1) Lj^aj- jz~* <JjJ K jLlS j 


V = 

’ ^ ji ^3l—jI^ao Oj4j 

dz 










jj wjI_ Jjl J—u 




jl y I A_Pj—k_pi— <0 i j f-L—iIj—-P O^tj-Pr jljj jj^i 1 

^Jl j l— 9 * Li A * j ( j—l— A * Lj l * * j ^l— l * * U l T * ^~p Ij xp- j} a 5 c~— jI.s 
^ jlji. Jl>Li _jl Ji* L^l.^ii Jp- jl ^laS j> ji c— y° j xp ^ *S i j— l jA Js j aJui »L>Ll 

. C~—I ^jjlj jlJJia l^i, 4 ,< !? U Ji>- jl i^jjA ji yj K Jajl j — 
aS” oJl»" L a^—LL» ji <S AAi jL— l Y — ^ jj iL— > 
i-i-tL i j> L l>..jI .-< (^Nlj ji ^jLIj ^J_-*wl— (jj >jj ^a— i jL ^ • — ^ 

^Lijjl L . SSj£ ^y> —jI ^>jj J Ow jJ j jlolj_ 5 * jL^mjl 

. JuUj jlj->- Ij K. j-Li |*-^ j lJL> ^j*jl jil yp ^Sj-J j j»Lj& jLolt ^yUwl ^ja— Aj 

jbil j ^) L*j Aj obolj a-Li ill?- C—t ^U—jI ^la— jl Jijji ^js^ljj ji 

(jjl j -Ltf ji jljlL* . XS ^jA J— <_ J* O jj-L* Ja» Jjl J- 5 jbjA?“ J _/*-*> 

^ C-—I i = 1 Oyz v = Ki) ilU- j j-a> y\j' jl aj i pjjyA K a S Ji— j^ja c—J 

l»l x^j^ja K vjl JL>- aj j eijz Ijl-j jjiuljil yj i jjj jlJi_« x~jjbj ^IjilL . 

. JjL* jr^J j ~- ^~*> iJlflJ (_£^j Ju 2 jaj j! oJ-i j£ I 


jl C~—I OjLc- i)L>- Oj jJ-J J y . C-—l yJX* jl^» j jLaj Aj Q. — . j i3l>- C-J 

CjI o-llA^ jUJ — yS- jjis Aj jji . Jjl>- Aj j C-jjJp j Olj^-Ju ^Jp^a 

<S J* f-* ^ AvaiK^4 yi}> jl J-pj} J jUli Ijjj . 

a Ji— a j I j jLij Ab»j |^jl ji iX-ijhj Jl w0j$ j jLJLj 0 ^ — ^ji * JLl— L 

L il... — I Jil ^j aJojjj jjk ji jLIj jL (.L. — j I (p = 0 Je> LaJ ^L«-i ^\ jj) i^5vJl>l»jl <Jil*J oJl»- ji . I 

JuPjZ J-Jj. 1.-^— I | » »i. I„ .,. . ...< t _5^ 1: *‘ jl-j** J-Jjjj I jj . ^yjU_»«jl ^ i 'n ...J Aj <—.»■ -, ' i Aifl.flj jl ^Liijl 
*VL jl i—'l \S~Sj>- aj y.j* jl «*j J-i jjt L ajLI— Osj^Uj 

jl i S\ <xSjP>- aj j» y,j^ \SJ (jl— Ij jLf jJL» ojj-—» aj e^l ij_j a_J j^p jj) j^lj aj 

jLll j C—^la j ^Jjjjj Jjl jJ . (^Ll—I ^ i ln— jl v^jl ^1 Ai*j y> ijm •p ) C~—I 'i/L Aj ^j^lj 

jl y~«S aJouoj jA ji L y^‘ jI-Laa C«Jl>- yA ji . -L— ji *S O— I j j ^Uaj* 

NLiJ>aj V T^, J jK ji { j*£*p'j) . ( o— l (^A— -LiL^a v_5Ljli— l J^L»j oJU- 

. c~—l ySLlp- jj c— jbj { Jjjjj j Jibo oJU- jl y- i— aIolaJ j> 



oJcflj . 0 »> 


V 9 


—.i°: r 





30 


ijJ L> ^ ly »U» j i j j Lli (£) J-Jjjj O V— N ) J»£-i 


Cotf L~-J Jaj c-AA^» ^Ij-S'U- J lS WM or** - 

L$J i 1 ^L_P ^UjLS Ji a£ vl—I sJLi i^yi iJl£ £»jbj yJI>i 

I jIvJJLtjL* 


(FC)^c(jj £*t>& 

J^j_>- JL>- 4j J—• (jly C—«l #X-1 £-!_;—Jt! cJLp- JjJL>- u ‘jLj j_?1 

Uu~-> j ^k-’" 3^ i3j^> J ^ ^ i_f^ V T ^ a 

. Xj^iS* (field cap3city)<^£?jjkitJ^l>i0*J-J» <— 'a jl lj ill?- j (J—-L 

( 1 - 2 III jly - j\ t yl * ..,.jl aS 


(cm)! ^lu* j's/L 




YV 


—iP J_ji 


cS^-^j J - 1 — i' ^ ^Jj y. Jr ^- 4 ~'b^ Jr-*J 

*—>' oOy>" *b y bj iyj * iliji »laI j_)L»Jl iUj (J^-lo*! oJb«- Jui L ^5 *ji 

t O «i < J->- 3ajlj_«l yl ji . sO— 1 o J—i i)l_>- — jl s—il jlJLa— jj( ai^ ~ * 

•-L— iiL>- jl L* A_Joj 4 i ln' .j <1^ jJ i—‘I 4-5" y> (j^UsI yl—»j 4j ^pljj 

jl uT*i j-^J <>-' <_*" cT~-^ ®j *i '-fr i1 Jr-*Jvi (ji^fi^ J* • 2-Sl 

P = — 200/300 cm ilL>- ^Jx-« jj »_jl jLIj iajl^— yl jj . J_ul y» jL»j 1 (_£jl— jI U ^jfjjjL 
JLL-1 jyj> ^jpljj o—1 ljum L^jT ^^-15" ej aS yl$5L»- _p L«1 (pF = 2.2 — 2.5) o—I 

. (pF =1.8 -2.5)(0-l P = - 60/100 cmc—-1 j~*£ j2 <0—sU- jlJol* j jol^ 

(pS OPJ— _Jj) oT oSy- -UjIjJ j C—2 jl-Li. fl^ljj O-i j]e>1> ja\ g\j Jj> 

• Jr* JJ- 5 ^ ( *^~**l (jjjyjb JJ- 5 *i j-4— ^,^1 jJ O-i Je> C— o-*1 y2 

(WP^P^ifafii 

jTjl sS\ jjLi el—-e? o-l (wilting point) ^>*3* cJU-j.> 

kS ^j (JL.p *_ j\ j\ *■ * j_jj j si-—J l»!o jj> iyp^y> «—>1 <-J5 j*y siiJL^-ji . *x— L—.i 

i.*- 1 L*- yl oL*L^ s_.lpl J-i ■ *0—1 eJL— p U- 2)1 jl (0—1 e J L— — jn. i)La^- sOlji vjl^lsl^j 

(pF = 4.2) - 15«tm = -15000 cm y> .->*1 ^0 i jJ^>- i)U- <S 2eil ^ jlill ,yL*j 
O— ji <!>-j— ^jjl <i ill_>- OojJ»j j! Jr^ ^- o ..P el__f JL— j (O—li <Ls ^y JbL . -L—li 

■ **/ <S K -**Jr* 
(AM)jdjW JH) 

(U <Ajj <*-y 4aiO Ji) -Uail J ^Ijj o-j J# jp- jJ J-J *S jl2i- 

U P = -15000 cm ^.joo JjU Oj^i»j. e j— U y)i*s iJM —f>bj ijb zy’rj 

J 'j—e> j J^^ —T aj (Oj j^j jj^l pbj <o)t. (0—1 *s~ijz jl jj P = —100/300 cm 

bl 4j IJJ j eJLi el—f s_jJL>- ^yl— I 4j i ^JilS (Oj^i»j <Jjl py— _)•> JjJL>- . C — 2 

J wijJl J^—e-ji»jpy+i* ■ (readily available moisture>yi^oiS* (RAM) 

. (O—l e J— ejb jlO ^ 'f — ^ ) J^2i j.* 





iJU ;j c_jT_ JjI 


6} jiu* (^AP 

jjjjU 4 j C...*l <JjIaj Jb- jl jl b iil>- j j *5 4 ^ybc-jl ■* 4 ^*jU^- 

b O 6~ ) ) ^J5w ,jjl-b> -kl ,_f* ill>- Oj^Ls j jJ (J jL»*j i 2 j*i eijjT 

J^L- (_$JuJ_>- (JjL«j jIj ^L - —jl jn.-ks._x ojl>TVU L . jlaIO jl i~ < JjI c»JL>- 

J J-1 (J- Jj t <_J j! ^-la— NL b ^-jb jJI j.S ^ j—jllx jlJuLx* , Js^ 

. (drainable pore space) ojb ^b (p,) k ^ir»jj»UiJii« 

o.^ « l ol jl> ^1 . c^-xl j-*i* JL^jj )' b Y taj.i>- (1 jljJL* ^pIj j j_jLjS^L>- _p 

f 1 * ji-* ) * «jlJbl</ _jl ^-ta.-x Mb b JLiL T ^jI^jM- ^-!'•* j-^1 *5" 

^ fLSo j (Jjb JLiUx* ^ ^ oi jl b j JLi .1*1 jb- #jA—x 3 j1j *—■<1 ji* 

• c/* ^?T* f* ^ iji' J J jb y*->- 4j u ^—J JJJ_ji C~;l-U 

. 4.1.-*1 ^jj CJJJ-X® 4 j 4_<j yij J jb 4jK j |i aIojIj 

|I= Vk 


. JLit ^ cm.day ' l_- 


K j% 


i^U- fda~» 


br^Oj'^v^ (mm) x 100 
h (mm) 


= R(%) 


\^l .V, 

•. N \ ^. v. 




i 0 li ii L« |*jk>- 


^IjJf jj y ^Uu 


1 1"I »n 


II ^/Li —.j I juLb* 


j-j ^' f ^ 


)1= 1 —2% 


o-jj -♦ }i=4- 8% 

-4 11= 15-20% 
c-ijj ^ -> p = 25 - 35% 


,J~£ * j iilc« 1 ^ ^ 



4 * jJL* _ ij 


r- 


(LPL) wLtUtfU> ^0 A? 

la j •> 1 j J^jl-uL 4 —S ^)U>“1 j (J1 (1)1 y *-j *-S (J..,..«i <1.., w,, */>j L>- 

. ijb il)l C-) JJ0J * . .n j3 j i)lj- (^JLi 4j s ^'~ —' >—■'■' L-^ jjI . ab JSLi j-- 

o<VT j l ^ *b j^a\ j jl jL-Jbj jj\ ji ^L-l 4j iJLp-- v c^i. ,T wJL^- jj 

tSj' ^ * -*jb tlri'^^ • jl <1)1 c. .1 _p ^UUL» j oJ_i ^*51 jS~» 

I j JiljL*- ^jjl . J— ib ^ * . o .. ^ ^y^ d. , 3^ ■!. .» ^jjljL^- jl (1)1 C-jjJpj 4_S" .S^Jif jLli iibji- {£jj i_f‘^ L ~‘J 
ji/yuoojpijjc^ ji .i)L^- (.i^j^iaj . (lower plastic limit) juj^^ JLL«llj 

* JbL (.c. -» I * i - - ob jLb 0 )) JiC*i 4_S" jjJa ObfcA j (-i«~«l 11 ■ •“‘^kj ^L ji>- 

JjLJ ^jJLS" * j ji IjJ • -L—I ji rj^-j-r^v c-jjbjj! 

O'^ ♦ jil- -*->- 4_> (a <JLi ) 4, 0 ,i jj 4 tin', a jj iJb-- (^-J y& j -L-<^> ji **—S Jl. 4 T^l ^jl 4j la A,.* 

(^Laj j^b (Jj-f* jl jj-*! j-*' jl <y*" y. • <— — °»1 c. j <»aI j sL>- j-~> LPL j FC 4iajlj 4$1L .k . a y 
^jS*Sy>yZ FC dL^lj S\ jj jS pS\jS* JUiU J LPL (JUpL ^>lj~>- 

^ • ■bl' 5 (>• y' jpj bJJ i ! (/J^ J ^r* y' 

pjyft Jj Jtf 4b>- jA j L*-A 4 S ( j^lj J(>" 4 j JU_j j J j JL>- J j O—i jJsi J4*“ 4j ! jLil i3l>- 

c5JJ jU^* j' ^ c—“' 4i>- J _* ^1 • 


j* jJU’ 


FC 


^0 


(ibjU«^lL « JIjJjW 


LPL 


■ i I M> i^JU* 


Jjtj d)U- 
LUul ijijS” 

( (.‘X; 7 ..^it^-C. ) 


CK'jJjj^/jXj^ydjhfCj LPL^^uJj (\?-\) JSLi 





























n 


J? «—>1 _ J_jl L)l» 


5 J iff J£l$ yT 1 ♦ - 1 

01 0-L-- <— 1 jJs^r* ^ y -■" J ^kj j'w-j i-iJjl ji *_£0lL>- iJi>- J->-b Aj k_0 j jj n 0>* 

o-t^OoU 01 jlJuL* oj^L- T lj ^ jl ,^«j ^0»i1 a^T <u t -L? 1 -Lj jijfclJ 

Jajl y y . $j\s iiL>- ii-iL O' ^.> > -L-w aj aJ o..«1 (_£Q.lO ljoLi jt ^y w 1 ' i^4 j 

• c —' jU £y *i <-*&+* ^L^U- y wil vj-c- y ^y** 


Jj^lJb i_j' j jAi O 


o^L-r 


J'l n- 


JU 


j y> k_^4 JS" j'JlL« 
o-pL-* V c^jl* ji 2]l>" 


*Jl^ 


t? 


15-20 mm.hr 
5-10 mm.hr 
1 - 5 mm.hf ’ 


-i 


150- 300 mm 
30-100 mm 
30 - 70 mm 


c~iU o-iji^l+SV 
L.* y» c-jL l> 

^kjiJcSW^^ 


■».yy *• ljJj - 1 -^kj jk~< ^jy- j cr - j csW^- y ^ j' r 1 

i^JL^-AaO j i^2L>- 0^1“* ,0 * ^y a_4* y* ijA> j e-Li ‘C—j l^SjJ ill>- j 0-Li yy 

gji J jJJLs"- j eJLi oX5l^ i)l>- oli —A ol^lai Jj y*- jj jil 4 ^^JbjL jl aJL^U^Ij J-i 

4-jUIjj cjj j—<5 -l j j iSjj j- 1 c^-^jk v' L r^.j 3 • w /j* • > -> J —* 

• ^/cj-Oo^ 

Lh • * < 4_jI . 2yX jLS" Aj J-jj ilLsi- Aj w 1 ' ijJj j> jy* y iy*J^ 0^<1~* 

Ok-i' j£ c~-«1 c$JL>- i5l>- *S aJj! ^k"-' j* jj • ^y* uf* i5l>- ^jlj j 0k ->'£ 

-1 * 1 ■ P — 0 ilL?- ■p. la.o y jUL_» j \yu j. 5^-i * ■ J -il—i ^kj j1~— <Sj ' **** * 

^yiL« j L y—j Ql j1>Laa i i^2L>- i5L>^ <S^ O' j' y iOs!^ 1 * «JL>- ji aS [ yjya ji 

jUj j1r-~; J-* £~*y <£ *y* ^ja 0^c.L< ^»l ^jI . (P =—5000/-10000 cm) L—.1 

jl j oj^0 IJi..) J-Lj jLi-i ulol i i3L>- U.. ajN OJLi i y» j-a j 0t*j c-iJii 5 L . J_iL j 
S yj y j *ij$ il — •— < 4j jLij 0L>'^W*^'^r - • ^y 1 iy* jO i yj <z~e-y 

. ijb ^^jSsJjjJLA OjIjU i o ys j 0k^'^ OjIj jIJlL* Aj ^1-j Uiu 


-I ->ki js^' 


■ ja'ja j-i >-•-“' v_50i-^- dJl>- a 5" i y> A-Jjl jJa*-' y y 



rr 


k * JJL* _ J j! 


»L*J aS Jjh-i j^-• ( . >-l—j'■■>■>.■ ' i3L>- jj! Oji J-* ■>—~ 'jdJ 

j j* ijAj pl^Jb jA 1JJ J yZt w.ali C~l) y}y. ^J-b l> — iSjj^ 

. ( ^ V— ^ ^J^-i) *%*La jL—j k5v-JL>- j jt i3l>- 



^1(^11, (j-l—i Aj_*i ^lal ^JaMa t—jl Aj^L) (J>^J-* 

JCjj^ \j J*_p jjI . -Laa ^ o>bl a jj- ^Jjy oS"jj- ja aj->-j-> ^Lval 

t. Jji*#- Aj-dJ yl jA . (^*-~»U A fJL jl ..a T> -1 Jj\> 4j Ij j! *S iJl>- ^Ja^Ia t— j\ A yJU ja) 
AAau ^)|1 ilL*- Co^i»j jA £-^Ax~aI dj j X5 ^ \JLw j... w * u-j y> jjio <j iJU- j | J--»jjj 

c—I jij j* ^ v ~^ iS 

£jj_i ji—ll oLg-JJ-jA *- J ?^J mA J^*il L 1J ilL?^ AJUj*_/« 

U JjLi Ij ^ij jljyr ■ 5 ^- i ^ w^jO o'w ^ c~£y>- £y ^>\ 4j . XS t y» *J 

jji! aj . Xjb ^1 j~u (_r~-^ 4 j J* jij J tj^jjjj aS\ c-S’ j>- 

• A ^*- cf 4 ^ wr*^-- 3 't'^'jj 





rr 


jj i—->i-Jji j-vu 




j jlj~a - Owl ^jL:—jI ju jj wl jLj^- ( _ # wj^j j wl \^Sj j>- jl jjJiji 

• ^ y*S ( 1 s ^ l—— J J ^ ^LaJ J s « — J Lw> ) J S J l ‘| « *■ » 1 LnJ i "^1 a) - J Aj L , I - ^ ' ~ - ^ 

c ^—pLj (_jLjjLj_>- oCw^>L? cjVjL«_« a J Lw j a< jl^J ^ !j wl O.S” j^~ ^IjjUj 

<bL*-* j jb JjLmjj jl urr? f A-tab*- 4 . J y J wa-w^ji ^t^Jf AtoOw jl 

: aS' c~iy . ^im)n 


5cp 


^jbjyli: v x K ^ 

. 3v x dv 

J^xi. : “ST + “5T = ° 

a 2 cp a 2 cp 

Abln»a l — —— + ——— — 0 


v =-K 


ap 

3v 


( 9 -\) 




ax : a y : 

^jLj o-_**l jl cr tS' »j jj> jT ^L/l j j~» jyj <J\ jL 

<£ *}j£ tiilx^l <j~*j jJ ^LS ej 

(9 = 0) t Owl jA~0 J£ «j j* <S\ j>r. ^ j\j ,_*bwl ^Ja-jij jj» 

C-S - y>~ jl j**yj u J -U j.-f ^ jl^ jl (jVL ji <S ^L^T pLj 

. XjUJ^ 

ejb jlw ,y& 0 j ^ I .-■ .a kbsj j^>-b Aj ( ^wjjJj k— J l jJ jbj^- ( ^ A - ^ ji 

^Laj II aIp -y . Jjbi ^a jLJLi ) ^ J «lS'ej jl jJ-i Ij ^lau> C~ « - j y> I aJL^- jA . Owl eJul 

j! ^]a.d III a!>- jA jl ^yj . O w l oJw 4 j ■^ - ' a j (JaLi w>l jUS'l *£ < 

L (_JjL-jT^jI ji j^i - 5 J^>i jjal Ij -Ajbi ^ j l ^ a. jj j»-p*^> jJI jJ Ij j eJLw O-jIj J y*~ Ow 
jlj^- Ai ^jt^aj ajljji Oj jy~t> jjjl ji • Jbl^j J OOajjwS AjJLaJ ( _^Jjjlj 

• ■ 3 ^ bl (_j>-b Aj (jVjjij J (sink) ^ ^ c-jI 

Jp A i wl o-S'^—• aXjfci OLJb (stream lines) o\jyr (\ A- >) J5w ji 

• t/* cr^ # j 


A-JO 


i ^Laj ,jwai* jl£La (equipotential lines) 

l ^11 u-'I 0^j->- . Owl j^ljJ (ji •■ l ^J> .^ i lo + j ; ,«»jlo =) LjJl JS" ^J. .«.iLo 

Oty>- • ■j-j'b ^ 4 ”*-r *' * 1-iJ j Oj^ J--Jbj 

. Jtwb ( J ? wbj |*> 



~ -Tf2 rrr^v 







i.!L>- jo i— 


rs 


L o -W*4>- j o'L j-jt -^.ya^ W J ~* e i j' jj^ 

j ^ ^ aj .jh ,>- s j Jaj O A-<- w^!jJ y Ij J^xL 

. juao^ oLL J»‘ujj> ij j:jLU J~— j\XL» (\K-\) Jib- ji 

jJi*j9 4j ( _ ? iS'aj J J < 1 s ’ 3 p J-*’ fiy-' L-r*^ 4 3 '-ipH 

^Ji <jL> jj>~ ji i3U»- cu^jU-a oJiAiOi—ij ®j *• v- 5 L )r-“ J ^- : i d^Pp • 4-~*j (_** 

^_aJd c^» jUL« yl jj J~—>1— j\ jl-CL« c—-3 ( _ 5 i*i <d^j- 5,_ J-* cri'^8^ • 

L ^JfclS' *-iaAx £tk*x (_r^ 0 t_j^>“ J- 5 • Of? u^r*J {p*-* J ' '“'*' <-** 

i.JJ j ■ -^by cr-ib*' ^PP> 'P c*s-j-» ^ j -^y ^ 

* 

. jj J>0 J j>- *0 B JLa>~ oJL>“ j » 4-i jrjl>- y* 1 3' <^y 

. .s ^JuL»« *-i t °^-* - P $ 1 —- ^ * j ~jj—“ j- 5 y b y^^ <l^l—»-x« 

j[$ aj ^'l j j' oLi^-l U) l>W^Jj j aJ “ry^ Vi'y o- 5 
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iPse> tM 


yj 

jLitS I'gdS 6j j) 


o-^l ^»J jl <— , l /^i>-L- ^jU 1 - 4 uf~^°j jl t _^L<’l oJa ‘ ur^'j' ->■> 

. 2y** -LpI— e uIaL? JL**j -W j~* ^ 

J ■> cr^bj lSWVO l$JJ ^ cf* ,>" ^ jl Jl~“ JjJ* jiV j-*-*- 4 

L j JLJ1$1 i J j]p jLj 0-l_* ^jjl j_^I ■ J^l (_5^ *)/L ^~»j^jj uul ^ia^ 1 v»,aIl« >■> Jj'i/i <J Ij 

■ 2 £ Juki j?*u jU»»jI (_^jjjlJL? jioj jl jl>(J (jl »jji j «L^ juij ( J^a» 1j (jiUii* 

a!*-** li e$Wi^ “j *i ( jX-r Jc* jji> <j (jjjjLLi’ (_5W~r*J j' J-^ 

(J<j jLj ^JjJL* *JJ2 <S (jl L J JLilj 4JL*i1 Ju ^^5 ej t ^-~«j ..JJUiL 

(_jj 4j (jl a j L$JJ^ ^ JjS* ^ 1-L-J »li«U el—^ JLJlj ^Jai jl i)l>- i -Lelujol 

. JlaI^>- jjJbC ^‘^*1 jjPj*<1^1 * 

jf gkVi jlj Oj jl ^iiU otKatyp 1 — T 

Aj)l Z}2 JJ £l—il l» ULp 1 *£ ^yjljjle) 2 yl £*->- jrr'O ^a-* 1 j2 lu ,_jiUi»1 cuT 

(.r^k- ^AJLx Ij j^j £^a— Jj U-^T jj—1 £•—>- ■ C/r^Jji3 J- 5 ^ J —-I ^jj -^l^ 

. (water logging) j~aj yj ^IDU L gM Ij J^jjjj j 2 jT j (ponding) 



Cj* jl *L>»j 




^ j j* *jj a <^-$->- ji yt <^< A ~ a ^ y 


fiUf iXij ji {$#f - ^.aji 

j\ySy ,5jUf JjLjj ^jL>^ .ii—>«—» L j y>~ **—j Ll.v y c i y_pljj (jL*L~^ yL-JL_j 

(CO,)j <ci ^ i5l>“ jj 3j^-y» us'^y* jl I j (O,) jy.—? I 4 $ c —j y y l Aj Jj j L- 
oT jl ij JOj. — .- S I Jjjjli £j^ J jl y^ljj OL*Lj5" jl ^y>-jJ *C_J| , JLAJ ^ya yj jl <u 
OL- >■ AjIjI Aj jjU y (31 y——I Jaul y j3 oLaL .£ •J *S ^jyh> Aj JkljLcJ y+A*j J O S 

. 0—1 ijjjca jt—j jULf *0 / y (^jljcWJ (jjj • O—ll^y* 
(_jl y 3 y>- V* iS^J* jl J—A— J c3y y jl i)L>- jUl— ^ Jfl pi Q > l jl 3 t> j 

t. jjjbej _yl .j-Jjl I-a 1 . o—1 j—>-Lj j'l «.i el_*T (_^L» Ojj aiJ 

CQ, olxlp JbL^ J-Uj yXj ^1 y ^jV jy SI AS” JU-J.J ■ O—i eLjf aJLjj ykj j3 

3y-* y> y*P j^l • e.1—,5^ 4.> t oj Jl—j (_^l’-3 >* -3 j All j*V Ij .i3L»- J~ 

1 ~ ■ ■ ll »* d)L>- y^jb ^*d !y '^jy^ Jl^—1 Ij jy IjLp ^1^* *is^ a5^ 

i Lfc Jua! jl y*~“ ^ \y* A^_Jj a5 3 jJ} { y w^«Li jl_j^ (^l j,■»,>■>. il?jlj 

. ^ ^ •■*■ I j jr^ I ^ 

ijLu Lj S * jl ^S* jU>-^ Ia a .wj 

Ui'js* t 4jyJ I . J—iLi eJui c-j| ji i!L?» 

j .A * oLj^ j_jlXiLyl J_ji> Aj jjj T jl yy -l»jlj—i ^yl ^I eL-^ OJj AjIj_>- *Jj3 j3 . 

. Xj L»j JCjly i y I j ^y y^ £0 CjJ-» ^JIj oIaL^ ^J j 3y> J>1 y»~ 

3y L$ l y J 1 y*y>^+ f/ .'■» QJ'--j ^(jLi _yl jJ etj^<U eJjlj oL»A*,(P 

iLj OJjljA*- a>-jj jj iJL>- !_gl^jlj S^y y ~ni oyl*» j oL-? yJLj XijOIJJl.^l 
. jjb jjyj ^ j3 (Jj.L>«-* j^-.-3'l 3 y*£ . c..*1 j>^l aj -LjlJi jLJ j 

jl^j j-jl* j3 jJ-i J J~> y>-y> y* j j«Li <• J J jJ 

jbj-J jy \j eL^S* (_^jl J—ij A^ij jjljLil ( y Aj I j c l—^5 ^tjjlj LyJ A_J A? i 

J jl—- J VSv—SI 


(_5jljA eJjj oljJJ» <oJL*> jb ej (_gl j (_jL^jLj jl 

. 0—1 i)l>- ,_^ijj Jajlj-i J jL->-L- J_^fj jl J -iib^ 



^LO J-ja* 


n 

b^LLuc (*Ujl P Jl&if ibcl .y 

. ijl— JlS^i! U !j 0^ ?—5 j 15 <. ji ^ uJ ^,~- jjJgj j 3-^3 

jl^-u j c <>r*j l$ 1 ^L>«j! Cw*j-i jb oj j* 

&-Ljj£ c— ^~y* ^j^ k *—* 3 ^ j* ^J 7 *J L $J 3 ^ 4* Lj j £I j 0—*l olj jS 

JJi \j jlJ-i- l«s 4 j i3L»- oL*j-?*-Lj oJuX »—>1 jj>- . j ol >_ jj>»j J 

ilL^ ji j> jjli ( _ J >da~' jjJUiil <~>\ j ejb JLaLS” j-J Ij i3l_>- ^jjJLo j-ii J_SX 

jN jls I j ^»j j cJL>- j JjU t jA JU JJU- ^ia^' jJ l$J-U> 4^ (_5 j <*j . JLi>b ^y*J 

(FC) ( _jpljj C-wJyt _L>- tj iiU»- ~L—i asJl£ JjI J-aj jj 4-S” j _^L» oL^a . jjL^ 

jlS jl^*l J->y' (LPL) /^jjb -La - jl 4 j ji Oyjbj a5^ ^jL-«j Ij (jJj j® j 

jl£>l ^ Juju jl jlj«j 4j o~ jI FC < LPL <S ^L^-SV- . jjl-Ll ij^-j ol iSjj 

^l*Jl (_^l jj C—>1 FC > LPL <S ji <JL>- , o^ilj iy>~j y-*j lSjj 

FC ills>- j-ujbj Ij ijS j ~-~0 j $y s&\j^u jLj^»-I ji oL*j ^Ll*. ^ 

. J—< jj LPL Aj j 4J*u jl? 

• cSjjJ 1 ' "—^ B J : '“ *S u> '~ ‘ m ! 02 jjJz o j — ,,a ~ <1 ol J\ JL>-j,a jj 

I jiO ■ c—ji ^isu- -L>-ljjrA ji jl JOa CA J\ t )u\£u> 

j.JL % jS* 'Saj 3 ~*& c^pIj ^ (intensive) o^^JLj sz*> UjJv^p t ,«»5^ 

. (extensive) 

^UmjI 2«1am (Jpff 

jLjjl ^-._ J . " >_..j *> 1 4 ^j;^ 1 .. t . 5 * i^jL A ^ft -p «j.t. j 4j>- 1 iu-j iJL^«tfi Ij j oL-? ^LaL^ 

^ia.j jj VL L) ^ y—*^ ^ 3ajl j—A ^jJ^ • '•—■■■-'■“^ uf^'J^ j i3l —>- Ojjis j 

(jl ^ Jtil y tj* ^jj L,T.-,j l ^ j3..j (Jt.^w &y* <S ojlJLJl UJ .1 ..jU JaLjjl j2 J jiO 

j t)y^t^u* j\jJL» yU 4_loj 1 j . 2jS j\ji o^ l aT. «! J jy jl 4 J y eL ^ m ^ J ji L 

oA y^ Ju 4_~J () — T) . c.-rfl jS jl ji jjJLLtJ ij j_* jLj ^ U wl 

. OAJ ^ jLiJ jAj tyi J yMj ^iLj £y ji ijjA ji \j ^U-jI ^ia-J J^P j Jy*A>*A 

( \ — Y) JL^i\-« aJojIj j} ^-il " .-pi Jlljj ^UL_^«*-rJl 

* ji j+j Ij l-jI> «bL li^..«r.n e^LLu^l jJ IjJ 4 





OJ> jl JJ ^L>«j1 4j ^t&^LaijU j ^U—j] £tia~* 

^L-lj. - Jjb Zj^-J ^h>\j; yj 3jS j\^ j'-i~*u'J 

^ * • \J ^ * jl ^ >-5^—- l5 W—^^- 5 ’’" J-* lj! j_^l i aj_«l Cwi Aj wJjL?»j 

>j*rJ Cf) j' r* i_r^ ^ ^ * j' ^rri o’.fS'U- J> J _r> 

. AaI 



jJ Li- J ^ ^ Li —j I ^ila >*> j Jj ii^J I j ^ l j ^ 1 n ( ^ “■ V ) 


3j$fty° *i?J *J ^ ipkj & iSjZp ^>U3Uyc 

j ~ i t . jt ^ ^j *»-<l i— . I pI *S >.. ~ ■ • *1 ^)UL*^« j-i ojLil "VL jj a»»jI 

pjil aS .>jb ^ y*?j *—»T 1 jj*jj <j£- 1 * o"^J^ Jj .Axil ^ ti^j' c~~j jl 

l j! JujjL*p Ljjl 

^Ja—- <S * j —*i ^ tl*pLi L> *Jl— >ojj ijLj—it t J^>Li* —*j jJ ; Jm l>r *iLi (1 

jl JlJL* <jj^ Z. >m—4 Ujli ■»-»* l N _£-*£%>’ IjJ *^^L**n* Ij ^JjJjUlS ^j-^ljl 

ol j j -L-*^>- ±\j-* J-—' 0^j-? 'j* j' ij~i ^ ^ :: l^- 4 ^j- 4 lS^Vj 



1 j j *3 y l?' - f j - 5 


jr*A a- A 1 J er^b' j-* 1 0-i' ■ *y~* <y 4 - J — i, ‘^' iS^r *i Cys^j £**-“>* 

kij1_L»-1 Jj-j jl o—I r j^ 1 J-£i~* ^fjl j' <_$'-* ■ **J> J 

Od 1 j 1 £j—jil ^jj-i • -i-ijr-^ iLi^l L y^a-- J~S 0 j Ao J-— 

. c-JobS 

^Lm> ji jl t_$jlA b <—j! jib Aj-ju <i jib j ba^j iljj L^jT i_...,..l <£ ^l^A-* j ji: j!^L iji (T 

. aa j£u* ill >■ ^jbL —jt j—* juj_J- ^L^J'jbjL jl ^iLJ oUbj al .jlj ilLA 

Y U \ jl ( ji*j tjy’j > — - _— j a£ aljI(JUd! ^jAaL*- j L* ajL-AjS^ ja Si y+*-* 

l ills* jljj aJU-?- jl jl *S Aj jli oJL>0 j il ^jjl ji jJ ^£j£j2 J>l j& . 0 .» I A—» ji 

j' je bT jl i Sy$J cril —“J ■ b B jr* J lT^JJ 

. A-iU^jO —»l ZS ^fj\ l * • '**■-‘ 

A-Jjj A 2lai< ji lS^j £*-»«i j jl jA—i j^_i • j pA^: j$d (f 

j! Aij_i ^y/* If O .aj <S A.,»_J j jA ^jjl . O-X<1> A_Jbj 

O jj< J^laLa L kXl>- j^La ji «j JjL— Ai>- J* . c—-I jb JJ^yi (J _/ J Lj ‘A.-o-fcl 

L AjLi-« ^iL j a jlAjl lj iS^rr *j iiW“' J cr^ aj C~“l Aj li_!L» 

*i ->J^ <b L 4 ; s- >, j ^ LSt j cr^ L ii<3 ^ >~1 ^^ J> - > ~ > d «■»■>* 1 

. -Li Ajkl^iA j ,iJ t_jb5 ^1 ji aJI^Uj;- 

y ^Uf b-»T ^Ua T- T 

p_fa ^La . 0—1 ol A «!y ^A* t ( _ r ^ljl {$JJji pvfl- ~ «~» 

ji.t y> aS’ t 1 jWd J 15 W* ^ j A— '-^J^ 1 jl AAilj t— jI ^ 

• 4^*3 Af b J *r^r 

L^Jb' jjialAa Oilijl ^Li' O—il kO(jJalA* O 1 jl ijljlj (^aLj 

or 4 j j' ^AJ- 4 <jd' J* (-r‘^1 ‘r'"' A 1 **- 5 - 4 • u# 4 -H J* j* b ^*~r : J 

jj (E) tjjJU j j JwJ J (S) ilLA aj^jLj O^Jjji Aj aiOb (P) ^^XjIj jlj-—» Aj l ^‘.T Aj Ai 

. i_)b ^y^L—J 

. 0—1 a -Li aib jLiu i_aL ~> «.J ^1 jA j <_ A ^y> j* b a (Y ji 







jf' I j j o \ jj ^ I _ 


?r 

. (...Llijfa Jl w i 1 a j J l . * ij j]o jJ wJ>-i^JXj L ' .- _ J ^Jdju L W—>jjo j-a J_jl jA j i^jI _ 4_J ill 

j j u)L—-E' <J_«J9 jj ^J i -I- jl bi d —aj j~* jrf' 

Lj^ii ^y>nla—' Aj jJ i]L>- Oj y°J J "^Lj QI-... aj jJ — j\ ^ la.* lJU , d—»i ^y^JJjL jl y ■* ■ 

Ai la l* j _^CA -U5 ^ Jj jj ^b—jl £tJsu- £Jj-iIj jW 3 Ji'j' jl • | d--l ^L-il dJU- jJ 

jl ^jLjI Aj £*ld»-i OjJ^J lj -5 y*- jbi ^jy *—«*1 d—*1 jjli ab^ J iJjj jbj d-Jji>j (jjl jlj L* aJLj j 

wl Aj J—ij td^Lj ^ dijlj 2y* j - ' ■ * • -J E jl P J jL A_J jjolj _^lj1 jJ . JL;L*j y —“lj 01 

* Lf* jl bdal ^ J i_T^jL/J 
J^1 »La l jj\ jj ! (bjljjlj JdLa) Ajljd* iIj jL j ^^JjjLj Lj ^1 ajl_>- A_*_J (_$! j* J i—jl _ 

ajji jj AS" i)l>- OjjJsj . d—*1 E L JiLw*» Ljyij ^Jjj\j jd jl P jl-iL* 

(_jLjjljL jl iJjLj jldia d*lJ^li J aJLi Aj jdu ^jjJd (jLaj ^j! ji d—<< I a J_i 

. -Lib aj <j jL-i oEj /^jI ji I«aJ JjL*j ^jl.t j.> lj alias' 

Ja—<ljl lj jL-jJ i_^bl— jI £-ia_a J aJ l_L ^Jj|j_^^j C ..I jl jJLJLj ^^JLijIj jlJL*_a 

_ jl ^ ySt Lfr-^Ju jb <S Q l* — j lj ^->"1 jl jl • -JuS^ j_^a 0-i^l *VU 4 j jJi (1)Lj1— >u 

• (Jl -blL») <i Ll— < j (_f*^ jljLLa Lj ^5bi>- A ,a. J J i>5».. i . >- (^Ij-* J t—<1 — 

Ji> J 1 ^JLajt— jT Aj bij . C—>1 P < E ajl^a^* j iijjl »bjb jl-Xi* Sf y**A J^jl ji 

jLj 2jy ®J baL>- «i C—“I •iljj Oljb Cl->-Li j^>- C-««l j->-lJ JujL 

• J - 41 ' y- 

iLj (_5 jL-jI . J—Ja Lj ^j4 JL-1 j Aj jjb* i^jb-jl yijb jl La A t jLftl ■ £ J-ES^I ^ji»b<a ^jl Ji 

Aj*y Q.X,—j J J ^jjE—jl ^tia. (j “^a| V Lj * * - ^1 j J a J j i j i lj i-^JJ jJ jj JwA ijjl y d—^ l 

. H j£ iiLpJ- ^>»Ja-j 

6j ^l^itoiAjni) X— T 

j .1^ a j jl JCjjLgP AS" d—«l a-Li . * i ys^ d jl e J | ‘ A A^J 

• ^ J^>i) iSrJj*- J ^* ■■ » ■»> * j* 

< >T ^jjl £a-^r j' (^ol di-jlsj : (field system) 4_c- j j_a ^L^diT a j j _« «// 

—’ L. Aj r^r-Jd'-^ IjJLS' aj jl ^1 Jx-jJ j/-^j j' 





ft 


• 'I ajj jj jj . t . S a j eXa^- jj ^ULl iyX j AjJtb ilb>- i _ f XS ej 

(jJL—r ijlj J ijlp ji jjX> <1 J-iU »! <S ^ j-i a Jjjlijblij- ji ^1 

jl J <x£j->- Lf-^#j -u t _^jL^ jl 6,5 -K •r’W 


jWSfU y 6j d£w£ (T 

jj-i* ^U ajV aJL—j «j t-jl ijiJ L j j*5 iiU- jJj Jojlj.-i jj 

*S ^1 . XS jT ^^>*1*—i 4 j V ji L iJL>- _p ^Ivil c-jI 2 i JL—» ^y*]eu*< 

£*>- <j*V j.i) ills*- _p aS" ( jjl j ^jSiuW—i jl>»j 1 j j-i £*^>- JliL>- ^ia—< j j 


■ A i'i^*> s l ^- 


I^Jj 


’J-Hr 


;l- 


•ijU 



^-l— ^jL»- 4^1^ a»£ ^_r* <3^^ (- *j ^ y > * l a.< a j • 

OL^r £> j^y vrl (*^ j * ^b' J* j- 5 ub y jL* ^ 

jL_ _ j^jJL «** jl jJ ^jjl O^j-S" lU—>- _j 4JL—‘j—j j L-*l_y (_£^JL—.OL|j—sj" j 1 _y>«.)a.—i 

• * I - ‘ ^ I ll»J 

j o_^J £•_»- Ijb-JLS'«j xJl ^^>1 |*i—: (main system) L ^»\ - <-j 

jLujI Aj ^jLS” 0 j-4- 1 ^ <Jiji-^ t_g^l J L-n j jl I j*.. . JJt£ jj_p- J j> * _4 b*“^ 

. J ^ AJjLS' Aw top ] i )} top t top ^LfJUL^ Lgjl Aj <S O —il eJL— ^Jx JL j » 

i_jT j a -Li aJuJ-jT {jz*! 4^^* j j' 4 jlJCLai jj> (o JCJb £*»>- jLfj!) V 

pSUX ij e-J-b' ^—*r f^ULb i j jj - 1 jb bl 

. (collector) 

J-ui I jj . ai.^Ij (jiS'aj {.■ : ...,.a ^ Akij : (outlet) ^j>- - £ 

lK 4 ji (‘jr* J ^rUj- 5 ‘ AOlaXa ^aj Jjlj W^' # j 

>' 4>»Jj Jj J !«■ * .«* • < (^Jjj-b* ^T - aXjS^ ^~JW i^jy* 


^ ui' b J eJ j/ o=i^ b i' oly ^ jx »>- xS ^ J>-. ^1 ji x_jT j\j 

aJaaI ^LiJjl /^j!^jUj . i ojLix—«S Lj —*j jl JbL \j Jjjlf <> £i\y 



0 y. J-*ai 


f Ci 


aj | V—n (jU*# jly 


ti5 -*»r ej ^glAjLi: 5 oj f- T 

jjljjL) jl ^^pI-*—»- l L ^ol— a_S" 1ljj»“l ^|jL> i_s J Jj'' f ’ J^ lj~~^ °J ^ji» 

j— £ji* l^l j->j ^J-P L lj^>-l ^^ia^-Pn— ol^_<l ^Ijj A_jt>bp . -L—Ij £- jja ^jL>»—• (_Jj^»**—Ij 

-Ljlj ^Ijk 0—1 jUS” a!*^- jl Ajj jA J X«l J.S JJl**! ^jI^jLJj . 2 j— A_U jiaj j2 Juli 

. JJO^l>*jl 

O-i^) 0—1 oLf J—j -1 »jI j— -j--$j „/l ^d {j^“-J j^* lSIj-^I aJu*»1j»- ^il— 

I j. 1 JjT j . ApOLi J Jl U J (a^j-P J 4 L$5L*j (jgj JJ l O— 4 Jjjljj <J j '/?~>v^ 4 (J y~A>*A 4 y Jjj 

j ,iJL>- j L opJL— jJ lJLj 4 (_jjL5 ^Ixj) 01 l5jj j-^ jb" j^- 1 

. -Lit) a3 j.4 i 0 j ji^ Ij jljo juIp I j jj jljj Jialjj ^jl>»^ L Juli ^Jlb a j dl>- jJ* aj • (o 

j O— 1 (Jj*ja»*«* ^<»IjP jl ^ a * J y^~ {£•*aj 4 ^**^ B j *b <Q«*b As^jj JjL 

4 oNl^j-—L a jl ioLa—I 4 (_£j1—T 4 IXjS^ jl iSj^i^ oL-i^P Jblj jl Ij jlaj^ft 

L u> 4 flaw of minimum)Jlijw- W >}U jjoy cjjj—? ^1 j-** ji 2 ^S cjj j-«p j_J a^^p j 

. 40*ib I j X>1 j2 jllol jl y ( _ 5 *J 4 y~» j «j 

jl ^ 'y&.~* Ai 4^WU»I ^jjl C. — f b J^aj jJ JbL» «j j2 <£ j A jL-»«J yJ> 

AJLjJl 4 0—1 A.;^ y Jjli J—TjJ y jLfcL^ 2j yfl j2 iaij ((j! aJ ^1 A j j2 Aj) 

JuL s^Jjjld^ ^ JL—Lj Jk>j Sjy* all! aJL— Q ...il J— AX4 j£ A S jjb jL*-fc 

(ji JJ U ol__ r o-* 4 ,. U l ^J-aIj-P J ill>- Ja_jl yii ^Sjy.]o Aj . 2y* jL-jj ^_J*° 

^)jL » —A Aj JlL ^1 JlP Ijj . -L—Ij ^.‘jf Aj J)p „<a X)l aJjIj a-LJ«? l *-~^'^JJ 

-> 4 ^JJ — jLi5 ^LfJ j - 5 ■ -L-flj AJL— b (jib— I j— i^jl—a-Ul j (_£jjjLU> 

. 0 ..aI aXi j-— jl—aJp^lAj ^jJJS^aJ ^bgj»“jif (_5 j 1—alii 
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j] ^L«L*i i ijiJ i_$^j ■* ***j 4 j olijl ^aIS* aS t lj.. o ^ - ^,b.- ^jI 

jJJ A al'i'.J lj £tjn.M <? ,JJj j_lflj t -ijj-i <^ljL>-l i}l>- J 1 * -^ -iL L^JL? oj 

A_? jjjljjl aL<*j t lO —1 J.A ./3 ^J.tw ej ji i)U>- t_jl ^j~-jLl> Oj^ ■ 2 j -»5 Ojjl ^jLi L® a_JLjj 

1 JL»j o^j*— o _f-^° *■* C^»j Jj jb jl ji ^jLS oj *_jT ^Srj.b« j 1/tfL 

^lil 2jyj> J^- tj 1 j ^L ' b-. - ^J (_5^ I fl— 1*£ aj i^\j) > t—'LiiJoi Ij . J^S ^ 

^jj c_i> X *-t ilL>- 2 j_JLj J_~< aJL— -j 4 j *_jI ij_i} Aj>»jLlj»- J i jj\ 

. JLi aJj»»j 


^l^-JLS'ejAj . i . Ul L ^s . o. g ^IfjUlS' L j (^1 aJ^ 3 C...»«l < j£d>da &-£■ j'j» aj 

ji** 1 \j jL* ^Lj-15 • j a£ 01 J t>" 2y^t *ZJ& y~l oj L t Ojy«l Jj yd l a j 1 aJ^J 


. Jjjl TS 1 jb*J W^J jl cjll L (jl^J I J £ i^-b . J^llj jUjj jif Oj 

(. S^y- 6, 4 j • C- 3 jb ijiJ oj *S J jl j j t_i^L>-jj) oj Ij l _j~*^ 4 j 

jLa ^5-^ B j (jr *jj oij 1 J^ j->- \Xj*j *-S o-J ^Ijb 

• 1 UJ^' 


: l jb 'j Jij iaj'j-i I '^r' j.) V 1 ( j^ s ' e j 

(1)1 1 _yCJjjA,.A OjljLfc b j j+0 A_!> J-iL) & jl j_* ,_j! Aj V L* A iVl'. a jjj j2 _ b_,4 Jl 



cr 


. -L-tL KD ^^Xjj OjIa v J—iLi ^Lj (D)oT d-Al»«-rf9 (Lj) j (K) 
^y- : ^ £*-^~ *— 1 > S) 3 irr^j lSJj *—$ (ji'-V 

^ X. . 4j Ij Jj_>- J 4 Oi — i.X,. La 4 -I jj 4 » ■ * y a ili'a j\ ^| 4IsL->-^La ^JjLj ~ --i L JCjIj_JLi 

• JjL.^ _X 

. C—il e-Li e.>I.J jLiJ ^L_*j jij c j k_iji? 4j k_^'1 ej>«j ( ^ —T) ^JXJL j-5 

^y m j ^ j- o-w-a) Oile-Li 4XJ £ Jaj ji (_$ jl j_* ^1* 4jjJ oj j-^ <j L$. L X e j 4 jX-i <jjl jJ 
jj Jbi j.jij j O...A I <S-ijS jl^JI ej ^La 4jjJ jjj jJ 4X j-fl . (La 4jjJ ( jijl jT 

^jj jl 4j^|>-b 4j 4_«il (jljjA* — O. ■ m i e-L— AlS^ ^03j jJ ( \ T" ) ^jX«i ji 4S^ 4^LJL» _Ju^L 

<JjJ ji l j-j Jau^j aIoaj jj ^Ja—« aJU<?U) h ^-liljl . •>jStj* ^jy^ p-® *3 

k_i jpU 4j jL^A- ji ^j^JjjJL-a i^. j i .« «olX (JaLc- C^y-S” *j 4jjJ jly <iO-— '>j£tj 

ji y~j j > 0 , .jl 4^t ^ jl jjk ol i$jj (j~X 4? 4j'i/ jj KD jI-LjL» 4_>ijbjj- , o«.^l La 

14 .iX uj 4j 4 j t_->l wLIL ^Lj a jlJu! 4 j Jjb jl S »j jjj 4 S (jS'Lpi- 4j*if 

1j Lfi-5 e j ‘j'y t/* jil ji . o—i jly ijy* ^j*£ (jSUjjO-a oLjj! jS j IJ-j 

Li VO j! jj j) • yxi j^jX, jl ^jljLj Lz. ...j <L^>UL 

4-X ol Li L ~ • 1 k_X>-^b 1 j L .1 ‘I 6 J 41 ^aU OjL; L ijLjjA- jIJL4_« 0 L 4 A O-Jul jl J-} y> L$\jl JL,i<Lj 

*£ ^WXL>- . (i j—i jj j h ^Lil jl) JL«_frl I j l< $ jr iXjjj ^j-XJ jjO_jA jLiljJ' 

isl-jJ 4 j 4>- ^ La 4_JLjj 4_a_-h^I 4 ala*.< ji ^* L J *\ <Jj.o5 4 C. .«! ^*5^ LjjL jj—ii 

4j) J jLS^ 4 j I j (^jXjJ t^L^-i jj <S" jl j^-a JL-Lj jd-^ oLX»l 4 JpL>«J 4j 4>- j 

• ***-lj* f 


jiT 8j 1 — T* 

■Do- 4 L'4 -a. * -«~ ; ^a jrfl ■ -^L; l/ tjl ^ 3' (.rrDjD ur 1 -^ *3 

^L_j —0 j JL_»«j Li . ^j__i ^ ejj_i jL54j j-jj ^jL-jl io->»j ^^-aIjI ^l^j j^jj— i 

jjl (.^VLj ^La o^a ol J-Jj . JLIl« J — 1 4 -zJ»jA jL 5 o j-z~^S 4X_A_>- j1»La jj 4 JjJ 

jj jjU »«-jL^_>-I Ij LjjT (_5jlX4 j ^jtbA jj jj_l (_jLj_5L>- ^^L-a 1 L»«l . to~~-i L j * t «- a .» 
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J- 
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i_Jj \S I j 8 j b*j ^ I j *rLj> tjju ( ) ~ f 


■> jlr") £*-“ 


^5 i£ dJ^J qS&£ jl ji ^j&f 1 — 1 - IT 

4 j *_4 ej 45 b I Lj 5 Ij) !■* J jS j KStj'jA ^ L. ^ , 4. 4 aj jl ^ £~ey 

-UUJ jl aS JJjb JjlS jlJ~j ^ 1^44 aj . Jjb j~*} ^xL j J^~>aj dJ<_r* 

(jjL 4 -u( 45 ..U i»li> ^jjl Ijjj . j yr^ ^ y^ 

c~!b»- c. ~ ..—> Jsli) jl (^il-ijo <£*j ji <>«jU^- i j _4 ijA j -1 

, 4j^ * j 3 .j ^CjlkA 4 j I ^ » l5 ej ^)l 4.5 JlaI^>- (jl 4v - -* JLjI 

Lfr o: .....* ^jjl . JLftl y>- ( T —TO J 5 ji JjUa .4 fl j -...» iijl ^ jl C —<1 — 4 

(jjjjJo jl ^wj j jlj-ft-C’jljjj JU 15 ^jl ji . (jmIb |»> m»nij 

. xS^ jy^“ jj* ^j^ ^^4 wiUjl 

iji—ij jl lj 4 ^>- (jjljl^ yy - ! x 4 lj -iljj -^Laj ilx*j ^I 

jjlJi>-I «IS‘bj jl ^■ “ d 4 j~- JojIj^jI ^y 1 . 4*1 jl (_jl^yl y o^ib 

j (parallel grid sysiem)jjljfi jU*£*a ^.: ■„... jljj^ jjax. ^UbXJ. <L^- jl . 


. (T-T J^ 4 ) j»U I^(herringbone)^^ 

BJ J j ‘■r'r*^ J - 5 aXlS - £»■?•) L*t 

. jJsX_ 4 ? (l^T<i c~—J __ .-4 L) jljj i?ilX-»l ji (laterals) l^WjW L <pj j^» 

LjJljj'iJ j- 4 —C- -L 4 1 j ^a jj uSsj XjLoJfc aJClS" ^a-»- 4 j l j 4 5 * b j j L ^aJl oj^u <S (< X,..>.>~v» ^y \ ji 
LjJljj')/ 1_~4 c (_jjlj—* (_ 51 a^ 1«_4 4 _? jl ■ C —»1 C o j L> ^i*-<ji 

Jl^ jrr 4 ^ Jy^y^ Aj jJ- o-oj Co^j>-jj Ljjl J^-p ^1 jJI jl 

l.lj a l jl —p jl j * ■*■ ji jX—«^yjL-a T • Ij ) • b o *_<l 




(J ^.4 w r-* 


M 


—-i yi-a ’ * * yt j.j 

L-y!' jV ^L5 


i yC'i_* \ • II 6 lajJ~>- bgJl jJ'V t— 


yi ] -> 


^ . -1». ..*■ Li 


iy* 


~y u )J—^ j -^—' v ^ * V- >—<-*' Jy» j 


jT JL_»- . JJ ^ jlJ—* jy^Svlj—S’ y ■ij-o-J' l_$Jl y V i j!yJ> A_SL_i ^ 
——i kjl^-^ui y_Js> jl L -j C—-1 C—;Ij J'y'if y> —c- jyj- 


(^—*rr-* ^ l? yy • -'-' jU y Jy^y^*i ^ *SL>'j ^ 1*^ *y ^ j--«k jly ^ 

^l . J a ^ —« CjLxJsJ j5*I » ^i^. ' . y j ji . jjb y~*j C —« Jy* Aj y~~~ --> y 

Ja. i i-0 4jT 4 j {£ 4*? Ul ^jl y* 4_Sw h * JL-JiL 

jLS ^ *t ^pL>- «■-» * 4 ilj 0-J>b jLJ ej C—m<I «■■■«■».■? 

• y 

C^j>-y Jykf LfJlyM Jjb ij->-J yj <-^ _}l l _ 5 -Aa-^wlA jL yr <5 ) _ 5 1»jIJ— i jJ 

u-y j (^ y^ xiL ^ • -^yy yyjyj y 

<• 'rr' °-P' •)* {*jy&jZ J ^yJ y JJ *jrO ^ S^r- 1 y *y* J JJ ijJy* 

• ^ j^- <y jr y*j J U ‘r'l c j 

jVS Aj jlj j ^ ia —■* *j^y >yAf' jjJ&jS 1j j!y J?jJo>- jly* ^LjJly V 

(Jj ■ Jy&j-S y J^yy wyIcJL»- ^1 >s lyj jj— a_jlj^ 

i (T— T* JLi ju y (1)T <J «-i ji» ‘“^djl iaU-* LjJl y^ Ji_JlL jly i? jJa>- (^jlj--* jylSli y? ^1 

jU jjZ^SjS Jjl cJL>* y!y ji Aj C-JL>-jJ . J—JiIj ^S ^y-O c_,.<„J< A_S^ OT 

. Jy-Uly>- 


kMifjA j djAMO ^iyiUnAiWl T— 1—1^ 

i (_jl j y£ij£ Ij jbjj J ^^ -3 ^ i£^J y^ 

(composite) ***> b {j* oJU- j (singular)>>UjDleBaUijvirt»< lj JjloJU- . Jjy-i aJ>J 

jl ^sjy ljj-» ji C— <i A.I.. «t ob ijbJLi i—. ,^.<i ^yI ( V — V)) • "LiJy £ 

• J* J* 3 * j- 1 yj •‘Jy JtiL <3y c5^* A^--i 

<jl Jj !y y y\*J>\ 4 _>l jyi^Jy? (_jLjJljl 5 3 j>~j iSjjj*# y t < _ f > «J a .v ^LgJ- i_aJ/ 

■ w / Or 4 -> ->' -> * ^ 
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ji Lf-l ftj d«jjfjl ji u ds^c (Y-P) J5w 







''. “I 

"1 

1 







■ 





i 

1 

_^. ,__ 1 






^ ] 
^ i 

' 5* 





t ! 

-> 





1 

--> ^ ■ 



y_ 


■-* . 

__ _ ^. 

















1 

_____ t 


/ _ JLaT( 




' 1 

' :f 

-V 


■■ 


»jl> N—. 

( oL*) 3jA*•* ! ■ " >* ; «• J* 
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Li'- f J- 5 lA**’ 


6? 


yA I * * 0-4pLjJi ^yLp -LL—J (,.$1 Aj^IjJlj/ J^i? L 4 -L—i k-pL /.i jL 4 ^ ymAj J l-Aj/ - W-' 

J i—'! <_S" L&J ^-5 J J J- 4 J- »J ^>j2 ^_p A.5 -1_4—i ^j- 4 i—pL ^jjl . JuUj JjL>«J 

Lfjl ijlj ^jji> ji j! u-jI -lS - ji j j^a V • • <u lyj^y Ifil <> wijje> L>J 

. JL- J ^J- 4 X~0j} T Ij T Aj yAj oUJLj <oL- ^Lb A^wi jJ . S ij-Lx- 4 ^A ?' * A> 5 yA yJ 

°j aJ^J jt >—'I LI a_5 ijS 6-tALJL 4 jl y jL~* sjL- 1 $Lb A.5L-j jj 4 j/-i.—)/—^~ 

5 y* j ^Ijjl jl ^jj Aj Q ..- i J--L ‘X^S Oj^ ^^I. L —jl ^^1 j ^p>- Ij ij jS ->jlj 

. -L— L i_f*- ) j1 1* aJ^J j 15 Jy** sJjb Li- 4 * -S j* l^«J«...w» ji i^J 

X jlj J ~a- , «j J C-JIAj jLj ^—L-J (_jl aJ_J ^y L oLL« ji jLjj 4 ^jljif£. F_ J 

. (JL- l * L j^JjLLi j.> > . g J JL- T jjO 

L i- L_»Jl»- jlL ^5Ljjj. a .»> jLjl^^ ^1 aJ^J (_jLfc jy£S j. S ^jy* jj 4 o\jXj£ _ * 

. JLil jL jj jS Jl jJLj y\ j j l * 

jj X-L •j'i/ Aj _ jjjL^j j,} ^.iLj aJj! Oja i—SjA ^Ia - 4 aZjJa—j 

A—5 Jjjl Aj A_>" jj L ■ "5i A ■_>-L- J-- .xlj Lb aJ^J JL-djl 

. iy -Ubl^>»j jLj £y jJ jJ ( _ y i5 <CjJA t-J*>L>-l C—-I J^aS L^jT 

. <-AA*J} J?I_Aj jl yS- 4j j\jJJ J y^ Aj ^I aJ ji j .1>5 sj Jl ^aj\ 4 L^—>-J ->- _ J 

• -Ljd-k j- 5 JhJ '^l 3 ty* vj—^ 

jiaj Aj 4 J-^I 4w-jlj^- ^1*3 ^Jij jJ J -Li A.- Nlj ji A_5 ^Uoa Aj A ->-y L 

y - ~ z —» J 2 jl-i jl ^yytsy t^IjA «—jT j i£^y s-lL— ^gl^ - o I— aS” -L-j 

J t^\y »J jl jJ A? jjluLj jJ «Jb . 0--I jL i_-i 4_—“L- SyA 

. julli AXil-L t^jLjl ^LgJLl5 y-*~y A L ^jl>-1_L Ij ijj ^jA jl5 Aj jA ,, T.-L-lj yJ i^j yA 


^$14J^1 6j r-1 - T 

^i aJ^ lf-L 5 ej^jyA. 1 jb aJL- r * • L T • • ^jJ ^1 aJ^ ^1$. . 15 «j jl e ^liL-1 

J j L «jJj jl i_a 5 ~ jJ j ^jLi_>- ^ i i . .fcP ( jJLlS < a5 iy 4. • >~^jI Aj 

j^Lb <*j»-^- ( jiil jl5 . Juj-ijJ fiJL- jLL*- iJl_P^ aJL— j Aj jl A-i jJ— .—< -Li ^y 4 

j ^LL-j 4 ^Lb aJ^J jl aS" ^1 L" juj^ jLtl XsjSyt aJajLL-« a5 

{ jXS «j t_gl j >-jio ji j • . 1 ...J j—L>- JL>- ji a_5 aJ^J . J—- jT ^j j^jL>- 



T —T Aj) ^y-^-LL—J (^La 4 JjJ jl JJ—jL—£■ u** tjLtJL-—I Lfj*l jl 

. (.1 yh Aj>y^y 

JjLa—« * J ■ ^ ‘ ■ * ■*** i^La *jl»Ajl (^Ijl 2 LaaJ^J it iJj] _ l. All 

. c— <t\ j^—» jyjL— y Y * L j \ * L$-l ^isLb Jkti j jjjb j-*—‘ ,_jZ— L-— * 

(jiLfl— , M J_£ La aJ jJ . JJ-iL^ ^ jLLj jl y ml jjL>- , Q j .y ^gl j . 1' . ^ ^I—La j2 La aJ jJ ^1 

(,&— T) ( J^-i (_^Uxi j Jjj_*i y eJl—>- J— «-A ejl—« j jj Ojj-stf Aj Ij e.iL—y j Aj 

^:-tl 1 ^ jl _S rL&jt, ji U-JjJ d)j^- . j j * <1 jJ jjl j l ^ <T JL_^aJl • jl »—>1 

2y>-j jj-_p iS^ji ^L^ t^LsAJ Ljjl JUflj! J-*1-ii 1 JJj—i ^JJji—>1 

. o-ib -LaI j>- 

(jl J L) L. yj* ( yZ>L-y Y • Li > A JjJ>-) <Jf j jj L J a,., »jL* ji*i L La aJ jJ i ^yLs <!jJ- *—/ 

, o—«1 y» yj\-» & • (-S'jjj ^Ia aJ y) jjja j ( _ J zjL- T * Ljil JjJ® . Jjj-S <u>-L« 

(Jjl—j)j—< jjl jJ ^j j Jj Aj Jjj-i AZ^-l—y Jj)—y pl o i., -j U yyj ^LaaJjJ ^1 

jL—- jl y j-Zj djJ kS 2ytt { y A ^ .. f > y 1 1-1) (L-Jj «LaI^>- y~J jl i)L>- j2 

^La <JjJ L 4jLJL-* Lfil 4 j 1 —'1 iJ JlJ y ijlj J i—i.m ' L) j jio . JJ_j <C_pZ L-y Py)LtJ y> JL —O 

. C— •<1 ^Li-y 

aj^-L— (juljJLT PVC L (^jJLlI PE jl La djJ ^1 ; ^L* <ly!^^ 

PVC ^La jJ (jLjjL^il jl . O-y>l ^jl Jy^2> PVC £y *S Xj-i ^ 

. L J— yl (1)1 JL-i«j pl^lA ji i)2jy*- i}y j jLLj y\j2 l^jT 
^ J .Z..1L ) (P—«jLL* y »l jjjl . Jjjji ^ C_>-L-y jli ^ 7 JA L*J yfi <1 j^Sd-Z-y 1>L ^La <]jJ jZ—i-J 

i UCla. j»I jlj ^^Lft<JjJ 2jp?j ( j)j JuUj _>«j 1j ^J>2 ^Laj L I, * Ij jlaj mJ jJ aj 

JuL jlj ^j(J c^ 3, jjjl jl ■ JZjL—j ij** ^L>«j1 «_jI c-_$^>- JjLL- jJ Ij 

2y>~ jl Ij <1)L^>- jlJLi> jL«Jb JUS yy Ij JuiL —iL —3 ^La aJjJ jl jy JL— 0j2 Y • 1jj«L>- 

. -Lao j ys- 

J 1 • • l A 1 ( l d* t T • (OD) j^y^jLii- LjSf J^. w — ^j^LZ-y^Aj jb^jA jjLa aJ jJ 
C..n.,yl ,_/r jL>- jia* * / S bj-L»- (ID) Ljjt ^^IjLb ^a» . A-Z-s-L— jJL* ^ Y 6 

^Sc-% ^La dy) jl« aLl—I (jL»«j La j y£S jS ij\y 2 j-i a-—? y . (ID = 0.9 x OD) 

. 2 y*i OLa*.— 1 yyj ^La aJjJ jl j^lal 







j£*j ji c * L »w» ^\ji\ (T-H 

^ *}j! (*_ill) 

J 1 v! >JJJ 

oVL^j I ^ 




r 4^ y 




rTfm 

TaV^/^71 



Jc *Jj J OUfcki _j, 
~ 30 cm 


jlj£j> <JjJ (»_>) 


J*“ i 1 V 1 j jjj 
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Uijl—1 ,_U!j jj 


0.5-1 cm 


V > 
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!\! /I /I A1M A 1\ \ A 1/ 

jl J JTj- 4 dl—1—(*iL J L?'^* *J jJ l_J I jJLi Jjlj ( 0— V ) 







^lUj kj^.^1 0. X <■* 0^1 J> qL-J L j (i“T ) J J-JP <J (j£ La <U^J 

k L^-tj^ j\j ol ^jLj^l jy~* j! Julw*l \j JUjp*l ^4 ai^-L^ jl j ^-1 jy^* U k^JLi 
^L>«j 1 aJ^J ^ ^ ^ * / ^ ^ .. x . i . i^ a « jLw L jj*^ 

jA jJ Lj>-1j a5" J-JmL JuL LajjJ ^olAa ^*\n*j* j J IwLaj ^ijT j Aj . Jul c J-J- 

. J-ilj A * « ^Jil-X>- 4JjJ Jji» 


Lfc tojt Jvb to wt ojjj Jm> jo ^ jjJf cif 

oj <5 jJ ^ ‘"'^ ^JJJ j-> Ob_j>- ^»laa* ^la-*i O^ja <-£>- jS <j a>- jj L 

J ^J^ jl-^>" J-i #j —* 4 j . W ~ (jjl^jl^i J ^jlyj J ^JLtnl (_$U aj j] ji (JUdjI jji) 

>_ a It aj j_J aj ^jjj j-i kJf <Jjj\ jl i _5 jl-^-a —‘ k—->l <Z-S j_>- JjI .a a jj Ujj j ^jl w~* jl ~n~A 

: Js a^U j/) dyji j! ijjj\ L (head loss) jL c~»l . 1 j-i ^ 


Q 

h „=o- 


(^jb lJ y»y L a^lJLO 


: ^yy c^y 

. m 4 aJ^J J^b-o wjUjjj J^» jj jU oJ! h e 

. Jju OjJu k iUi^XmsI I_ >j j*J> (X. 

. nv\m _l .day * 1 cjTjjl» y y <J ^1 Jstbaj ^ Q 
. m.day j j-I> i y aiiuj aJ jj jjj *S y ^SsJ j j Ju> Oo1_l^ K 


a — 0.4 — 2.0 i»yj^ J (_^U <jjl 

a = 0.4 - 0.6 ULa» <Jjl i^'jj 

a = 0.05 -1.0 

^ 11 w~* jLi_> <1 ji Li k.wO^ jj ^ j yj J ^11—A»»i *JjJ S 1 j-t*j 

<ljl Jjlj L_$JI _)l t-4 A-S’ (jjUjjj 4JUa>Li 1 yj) XJ>iy jl—4J aJJ>-b <-> v' J JJJ j}J.J* 
y*S jJJa ^1 <> >_ J\ sjjj y i^l> <Jjl Ow«jLL« . o—il jbj |*^j >_■■■— ' Jj-i < y 

j jJ aj ^j-i { j* <!jj ijlj b-^->l jl 1 —j'I *S ^L^i-ljj-rf ^]oaa ^Ja-^ kS 

<! j] tUI jiff] ji ^Jlj (j!jlf-Aj J^* >— ’1>«Xj! ^lau j! (X I o^-^3 jlAi* . j~~ri ^J*^ 





9 • 


jl jL l^jl jj^J J y^" yA J i* <Cj A—UL» j UAJ * J A.' jJ >—'U'Ol 

i o-ita Jhj ji y^ I j j±j oliC JjL ^j t A—L 
I^Jlj <lL-«J 4j (^tfc aJ^J ,jis»-L-< JuiU }y>?y* jJ jjl5 «j ,_$l> a! jJ ^l_4_i// 

. . t* 

, O-IaJjJ 'SrfT^Jj Oiy^L- 

C-jJjl jJ jli jj *'?'"'jl ejljSA—1 i Jt—L j L j — > -I ji Uh *JjJ ^l^jl a Lvj ^I _ U 

I/jjotO. jjl—* j t ol*Ji» j*y J-j^L> t j) (J-ta ■ a jl J jlj-* 

. JjklS^ jj-aj ol jl j<*! j_j—>~ i drt *j <^j <5j^l jj ^\ ^j>\ j' 

Oj y*0 lj Lfc aJ^J ( j^—1 jl£ CjwL>- . i j-i ol*^* (JLjSj I jl i—jI I^j j 

• ^~*'* 1 ' ail— L* a L— j ajI^jIL oij$ j\S\ jj j . jj—L £^-j\ i jSnj1»<i^j <_glj& aJ^Jj j& 

Ojli-L* jl Ji>- aJ ji £yi A— ^jjl C a -J (^-* ^ * Jl ^ r *O 5 ’) »^>^jS (_£l*jJai ji - £ 

t^L- : ,.. — <j{* <1^-1 j <jijO»l jjl t5^* ^ 1 jJ <• ^ - ^ 


(envelope) <j£ ftj ^lA AJ$J j$3 jM&g f- 1 - T 

. .oiL ^ l—I aaJ»j j* *y* ,y a£*»jj ,_^ oj i^I-a a)^J jjj <£ 

ola.iT < ’» »..,. * j ji j #J— aJ^J J^-li Aj —'I jb^y^ $*■■» Oj-Ij ^jSvJ j j-L.,a ^iki jl_ i_i// 

• I •*=; cA*^ 

• i^ 4 J 4 *- 6, *i t5.rr-^^ (J^- 4 J Jjj j' - V 

. -Ol*j jl^lP 4j jI_^a J^jI Ojlo- <j 

^gl ^ft j\ Arf AO t Jj ( j* jlji ojLaO^xl 2j_y* lA -4 j -1 Aj aS" y-* 

jJjljl jJ jljiP A; ^i_y* (^Ia id C- J La ^l* aO>- (^Ijb v 

aJ^ j ol Jp\ L jLf_i’L>- Ow^ ti j o ~ ^iJ jl ^ o—l jL —j oj »^»lJ-»-l 

* jl-btu }jy»j* iy % Jj»lj>j j\}jy±-j> (^jLj Oj^»1 jl J~k,y) 

(_jl jlj JbL a J_tLill J y~* { j* «^ l .. 4 T . . * j I aJ j J jji (_^1 y^)l j o « a A S 

Aj oT ij JJ (J > ^ 4 J* L$jj^ Ojl^/jl *S iy^t^jA O-C-L ja\ ( jA . A— L (_^.iU j ^ yjj iyLi 

Al* J (>j^‘<j a ' / s i 1 J OA_j Aj a J^a) JjL t ^*LS' a! 
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i*JJjb 4_S J 4 «C_J L ^jJLaLS (ol ji J^-b jl _yH__ii l .>- O- P y-u ) 1^1 O^p j,_o< 4_J (J! 

_ :»- ^yl «j j Jralj jJ y->\ ’ *^*il «— J l*^ _ 1 c I j 4 -^ Jj~b4j J 4 —’^ j 4—>1 jin j 

yjl^jj \ * bj JL>- j"l jJ K- I 'ij^ jljJLa J j JJ* ^ * L j JiljL^ w-»L»*_*P <S" Jjj» 

eJ jjl ji lj j jig..* ji JJ-jI jj ^y» A —S' (_£jl j_i . 1 .il; __* OjIJLA 

J aL£ J ^ j{ J ^L-* 1 ■^~ J 1—*) ,_y^ jl y* 4 Jj! J >— . «ijJ 4 jl Juljl— P Jjjl_«w 

jljj>- i _ 5 JT j!j_* <ulJI . ( i _ # SL-i—jL ^buSb j tJLJl Jj_J jl) ^j£-y^eu* ilj 
Jj--b <i -i]l>- oljj jJLi J jl j jl^al *S ^yiajl j~^ jJ jyiL^* jl y& 

L* AJyJ 0 Jl , .1 J)J ^jL,gl ^J^aL-P jl J- 1 yJ I IjJJ 4 <—,..,«I C«~jjLj*- jl . ■ ■■' 1 -*L 

i5L>- olji a jlJLI L L j j jS ^ l-l—« j c~ij aj juL j_il_ » jjLja #j!jL1 j yla j< yjl ^1 . jl .tL { ^* 

*JjJ 4_i (_jl aji y* Jjjj jl jJ-al—S" jJLj <£j . JL-ilj 4JL-ib ijlyLl 

otjj jl jy>-yJ ..L. ‘ . ~ . » A 4_^J>- y 1-3 ^ 4l—*1 fijAJ C-jL J . wbL*J ^ 

«-LjL» j_j*L ^jJL*_4 £jjy>p aj 4^>l ji olji . JLiaj Jyr^ ^J 4 ^^-jS L^jt ejl^j! *£ lj 

■ Lfc jt 4_^! oLj^j - «1 j 

(jLij 4jj^»»J . C-^l jll lJU«j ^L-l 4j <S^ ^L^Lp- ji jiL-i iyrj 

aS OJJLL ^y> C~iji f S i_r-* tiW^^ ^.'j iji' J* ji4l—il ejb 

0 J^w» \ • * L Y * L^jI ajjjhi oiji a jlJJl ia_<^JLa j <J_lb JJj <ib 

jL^jjj 4j»»lji Jjl jj *S —j jLj j J— * aj J^-b <i 4 _jI <j-j->i i *• 4 . tI 

^ 1 _5^ J - \— - T J^- 5 ^ (*^ ^ j' r^-/ j—’ j- 1 ■ (_r^ c j ^j'j je 'j 

. Jbj-i jjJLS aj ijlj J eJj^aj O-ajli* 4 _jI jL^»- Jjli* J-> 


OjjjSAM U Jjljf 

. £jJa_* (jl — •£> jji-Aj Jjl ^a^jty 4_j a j j^L* <! jJ 

^y A>- <S" j-i . Jj-i j - 1 oiLcj^l jlL) L e jlj jl Jl i^l^i ^ 

ol J (USSCS) 1^jj-j*I i5b^- a >~ jLajb-ai ji j ^ L-A. J lj I $jyjk j,zl, ♦ i^S^y 

(_jLjj>-j,L ji 1 j o' u.i > »j ^1 ^»bj jljj <S" Jjl aib ^bjl oLJUa^ (USBR) jjJLS^ jT 

■ ^ 0 



i -Liu yj AjL cJ^Lap- jL*jL* ^LfcjLjM y Lwl y 


D 


50 r 


D 

D 


5(1 S 


15 F 


D 


= 12 -58 


= 12 - 40 


15S 


: ^yj y\ Ji 

. jbLu j y& jl jl il y jjj y j * ® jl4il = D sl 

. $jj£j jl jl it y Ojj • 1 ji ^ j Jail aS^ ®jt4Jl = D|j 

. J±S eJLJO il y C-»*>U- = F 

. iJU- (^jUdL^-l = S 

; Ju--1 \j (3iL^> yj (jjl>jL*<* jjL yj jj. Li ^jIjlLi j£u jl 


15 F 


D„. 

<5; D lullF <38mm; D W)F <20min 

U H5 S 


D > 

85F - 


i yy il>^l <!jJ jl-ir j j *$ ^Wit5Li y y 


A_iLi>l V\j JsjIj-4i Aj yj J»^—£ 


\ jjL?- y j tOlji tj yS j y \ Aj A_>- y \j 

« Owl t JL«> 


D 5F > 0.42 mm (FAO, 1980) 

it j * J ..<gji 9 * <—S ill—?*- o*lji ^la* jl (_jl \j D^i- l y\ -xt y USBR ^yjj 
(23l^- (_£JU 1 Aili ^y»0.*ji JL*»ji 9 * 4j Jipyy iJLp) Owl jl^wl Jwlj y&^-yi j! jl o JAAi J ^ . L i 
ji i4p y\ (D 6l)S = 0.075 mm) JUi Jy ♦ , • V 6 iJUD^K ^ -DJjA*. 

. ii j£ f y bAj^Lw iljipt jl <_£jw ji jl ji *£ O £ j\y >—4j5j * / * £ — * / ^ 

►Ijl AjIj jiL* (_$-Cj4j|i JL»- ji Aj Jp yy JbLii ^olj ji l*(_£ y ^1 jl 

j~* j •^ > ~ iS y • <y jLij -Lu»ji • j 6 i W tT* c 9 * i I * • 

Iw5j ji ( P—V) ( J^4i Ji ^jjl A>wll>- QjL. p'Aj . Owl l^ 

j »i^ j- - c5*^J <*l^ _> N0 —>■ AJ^w j *^**j ojI—aA_>»-* jy-p*-* 

- *i ol . ^ A Aj|jk f g *^ i 1 ^—^1 A. 5 5 j ■ ** l- ^* i >1 t ^ )jj? j. )L j . 1 . I bAmA 5 jlj a 

A^li t ^-~**^-V» (9~ Y - ) ji • (Jj 1 * A>- Ji (jj* A-l jl ol~^s£»*-* al^wi 



. 0—1 eJL-i jS —^aj -0JLS" 0 j j! _jJ O—-1 j Ji ^ ^ XjC—» 

j-«l... ,1 ^ ~c> <ib _• VIj jo>- USSCS y, J •^^- ;> " ^y ^y} kS'' y. 

j*-* USBR 4j ^ JmL-J (_£wCj 4jU 4j A . 0«.«*1 c .*-■■- 

. O—i eJbJ £ 


(USBR, 1978 )yLi j JU *k,lj O ~f) J,j* 


4 <sM 


(< olji Jai) jiiJ ,j.Uj<uSi >jJ* 
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j-* jjt*- *iUI jl *£ 
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30 
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0-38 
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0 59 
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0-3 

0-074 

38-1 
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1 45 

0 42 
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0074 
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-v 


jj jj ? • Ju \ 

- >sf Lf* J l J ^ J J«*' \ n 

for D b0S = 0-075 mm \ Uft05 


\ _ 

s 

\ 

— 0075 mm 

X 


-V- 

\ 

CwiO j* \ VI 

D ( ,of — 3 mm \ D fi0F = 12mm 



- US-5CS 


-— USBR 


USBR j USSCS jljj ja ^L.1^ jsM yUall (f-f) J£i 





i J~~ L> 

■ b 


-U J 


y^r* '-^jr t ' ^ y^y 


3 jXjltfu, ^1^,3; 

j J'-V 3' 


o» ^ ot*J Lj flJ-** twLjlj ujLJl Jjji <L-^ cJL*Jj ^y**y 

■ *5^ <j* °“ i r^ ^ U <3_^ ->j'y ^ y j* 

iLj (aJ^ j!jl>- y iy*^) jj* c~fr_ >- ji c—^I aa <. i3jU tjlJ! $ jj-* j-i 

(aJ^J jlJ j»- lj (_jjljj» o^>-) ijlijl oJLil* 4S”(jT tJL>-K > 20 m.day . c—«l 

ujUl Jj*»JL>*j Jc-iL jy«* (_£ljb .13 jU eJLi eJ-jlj 4JUI. o. —m 1 jl..w 

eiLC-«l j'[_ * <jly£- Aj jly Ij y Jjjl (_^jJ J> . C,—‘I ^rjo x-J ji cj—l ajytlj 

‘■b^ J c^^*' J lSjj W*' Cr*y^J*j* 3 j-^ 

jyjj (_g ^ : JL < L aJ y! J>-b aj c»jI jLjy?- ijjj j ajL-1 L*Jy ( ^ > .,—.i j jlJ- ^j,i -..« 

(_jl (_$!$. * ■ ..4JJ oia>L>^4 <_$1y IfjT ^yjk-S" 1 ^'a^-jL ujUl j! ejlil-jl . ■S" 5 ^ ^y* 

(_jl* aJ yJ j.i y«Ij>v*»A . .Jyi ^y* y <jl Li La ApJijIy *S cL—jI (_Jjl-bL»U Jjli» ji 

*£ y 1* a^-jL j t-jUljl ojLc—ul t -AJyl y» AJyj J>-b ji jjJ aS’ jb j* 

. cl. ■ « ! > _ “U-J jjA ^ jj lj aJ^J Ji1jL« 

-Uw»Li j* ci^^rUi- ^1 k J cjUl jljL* ty^j-L^p (_jLjJLJ!jj 

k_j| OjI_La ji »_jLJI tJjj IJJ d—“l j-J a—< jJ Ljjl ^5vJjjJLJk A_S" 

*£ (_^jlJL» y I Ji U^ S' 4 LS^4-“"“^Ji jo* J (J3^ * u* A$c*^ aJjJ Aj dilp^ jl 

(JjL^-4 j oy ^Uj C w > * 1 tjjljb . JJS !-Lj j~-*j bly -i!L>- UjJ 

. Als jf jJoj j-i Jj L> l ^ < y f* y L>%1 j I jiA^O^-1 

-a (^y^_«J>) iJl>-L? j ‘jScp l yfcT cljL-b”y aL-J Aj 1«j J~M t'■ y.p~A j_jL»^xIL» 

eiLil—I jl Jj cl—-I j > j Jjy.‘ ^jy^ ^ Cj jjW^ 4 J j iy^V • 

■ jL>* cyi^*3' Ji' j' 




-Liyl ( y» 6iy jlS Aj *j (^UfcAjyl JjJ yb^y J ol y*' Aj aS - (^ily« jl eJl l A .,~ *l 

y> OjyA> yj Ojyrf? Aj aS^ ijb *JyJ ^ JJ j}\jp£jj Aj 



9C 


rv*J jiJ v 


“ ‘J o ' 1 ■* 


fi-L_u^-5 4-5 jl jj Jj “ ^\ O <5 CJj4 j — w^i// 

jl^> L* Ij j\jST j^ :>Uoi ^y-w< Jl-^V u 45 ^jy& 4j ) ■ij-i.y 

e_i j ,A * eijj —>j j—j2 jl • -LIl— j*J j—I «A—1 * * Aj Ij yi—JJ 

• V. f^c—j ejjj£— j Jj'^ j' 

aJLj-jLS - j.* ^L-j . < Vu jb ^j-« jJ ^ ii . A«i ^j <»_■ < i oJ—i y —jj y Ia aJ jJ _ »»-i 

A-Pj j-* ji 0>jj-^tf jL«Jk Aj A_J J^x <Sx-~* J ^ ^ W ^>, N 

• -^J- 1 LJ^ 

ob jl^ *\j-t jl <Jj\y aJjJ y jj L jU J* lT'JJ jrd' J j : J'X ^ - £_ 

«J—t crri <5^-* ^ 0\—*J» jl j eJ—i £j-L- ^JJ jJ «jjj—-I . Jj—i y 

jjlj jl yLx^mj c,.o — - ♦ jl jj_* yLS"«j *_? ^jjl j - ~ •-.- I a_ 5^ O—il j ^—>-jj JjL 

j-^j aJ jj ^jj i3l^- j j^- • ijb (^^Lj * I aJ jJ j-J j _p <—■ ■ jI— j -'-L -> yi*jj IjJ J j_Ji 

IjJ . jjb NL ^1 a* »-— > jl c - . L -.. « j-Li ijlj jLSj«l t j . 1 * ejl-Ul <j 

. -LiL^^j \j*Sj] Jj^ C^*^" -^■^ aU ^ ^Avs tf ^i 


5 >>» ylW) ^UjLm 


ol£ aj -bL y J-j (—^L>i_ill jj 4 cj^^* » <a - < * ^ ,5 ^; y> j ki .. » —j aJI.. * y « 

: SiJ A^y yj 


l3l>- *S JuiL o-Li ^b>ll La j *^j^j J-iL jUj^-L-n i^ljb iJl>- A>jU>- _ 

jji yLj jl jljj y* O—l O jyA> O-JJ *j j-i Lfc aJ jj yjJ j oj jj \SJ^>- 

• ^—’I j4^ 0 — r' j'y^ jri 1 J J • aJjJ 

«x»- Ij Ij jj JLi *ijj—1 1 eJbS^l^j aj jl cjIjj j oj j_j —ij>- i3l>- jl *;>-l— £\ — 

(j—U y» yuLw T Lj I jj— sJLjjS' jl j —1 jl <—»l » » — a5 jU aj) cj y ^>*-*0 JbL 

• J tr^* - lt - * 1 4 (_r*^ 4 <^r" 

A_S" y~AJt OLJI jl jl jj -L-iL ^J^* | y 1 .. ^ jl jlP Aj l ^‘. J j -1- » J j_>*j _^^l - 

wiUl AjJl . Jj*j tJiLi — I jjlai-j yj! JLj j*i OjL jljL jj J y-*0 Ij eJLjjlJ Ojj/> Aj 

^1 aJ jj y Ij «j ji jl J L. «l>«| I jl J J^jjl? Aj jb 1^1-* aJ jJ jj JfluU -bb Ij J. -a * 



5 - f J* 
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** -t* U \ jj y . ^ y •-tjl o.L**j AZ^-L-* 0 yc lj J JIa»>< ( lJ Lv3 J A^ 

. JJ^ ^WvJ J*^ 0 J^ta <; >—■*! Jjjj Jil-i* CU>jli« 

j Ju-iL jLj JL^ ej (_$L» aS j} JjMi u^l iS^JJJ JIaj—**?" (,£.Sjl j- 4 — 

*->■ Jjli Js>L>J <» <uj- j ..i*?~< I J»l>J aj <>-1» <jjj »_i(jtl jj 


6j d; ^LgjUj^U A- 1 -V 

jl y <S o.-^l oiLrf ULt (_gl aJ j} a j <i Ify,j^ ^^-il- o :> -L < » j oL«-««tl 

, o—-I eJLi a^b OLU (V— r) J£ji <jT 


JUtf L # Jf S u^°3 ^ £jj* Jm> 

. eijjl jj bju ^LajLI JuL 1^jUjj»-L- ^jjl 

L-^jI ^1j15 Cj^j - ^ ^JjLj jL-S* jl — 

• J J** <i cS^^Ur cS^* “->' U’-d'- 4 y j' - 

. JbL^lj Ij ( JL£JL* j JUIS ^jlJL^^j L aJ»jIj _ 

ID > 5 cm <6" ^jjLa aJ jj) -uLu ^JL>- ^ ~—,*-** J>-l.s aj oUld)»k-i j jlj jl _ 

JL^Ij jl jl j « .o *> j-‘ ^ a j ^^ a ~* ^ eil_««< ej (3^-* i 

j jLiL Aj^ Ij ej aJ^I Ol jl _jw* Y**lj \ 0* (J j^» <j ^^jZ—i aJ ji 

Jjal j—f~- uZ-jLLS^ i j .. $ jlj-* j—j- 1 < J- 5 ^l- i j-i j ej j jj iJL>- jl (V-r ) ^jjLU^ ^»jj 
JUI-S' jl ^JL-a^^jlJ- >■ Ji 4j_^ ^ijOjj-X A_^iL^ . Jj-J 

I j 01 j!_jj ^>> j £ w-^L^dj! I j Ij i J^ oI_^a tj* 

J —*• Ij aJ jj 'Ji jj jjj—;J C~o-■—» A-S" jTL j (Jj\^jL-pt ajLji j Cijj\ djj—^ 

_z_>-L-j j—§J a_i Jljj'i/ sjjj ( J j> »— 4 (Chute) ^JcJl »*j~*j -liiLjxi • »jIjj>3 

i Uj ^ jSL*£>Kjt CU 1 ! JaL Jlj-l'il jl i— j\ £-j jS^- (^IjJ jj 

. (v-r jo) 



fv 


r-SJjiJ '-r jl or—^ C J yS -4-^—— - /*>-« J-uU 


i b fj -•f J o^*j ^ 0 > J^ 

TW?/' " ~\ 


aLd V 




/ 


V_V 


luL.) jl+iS’ij lJU 4J ^*' <ik 

Jl>V M 

!il^~-" 

rit 


iV'tt 




3!!L^ 

"S : 


^J»i» 


jjS O-itLaji 
jIJjJ ji+jt ijjj (^) 


J5-i T oLaiai 



\S^y 4 -3 



jj&)jS ^JS tj <iL j(ljj 

Jij j 1 v or-*j jvk- j j u ry^ 




0.75 m 


__J 


Jijrti 

_P , 

^lOrr^U^ 


&L 


I _ JJ&J =. 

rf ~[ 0 ’JO rr 4 --H; .//Cr- yrH^*’- 'i 


(^jjL <Jaiw) o’VLaj'l 

(Ay (g) 



*MJ* ° b 


.1- (V-n 


U*i;jb ^Lfc AJoamc j 

^ ^JlL a t—* ** < £ j ^ t q j m si 5 cj La a5 ( ■ *• j 1. *Ij 

i_f*“ oL£.l j (blind) jl Lq3j 1 .1.j . Jjj~Z <i>-L^ j^i «Wa <> 

. (V-T J&i) Jjiai jl ,jw LflT j\S jj» j! 




r--r j’ 5 y>v 
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O' jJ' <C^l— ^C,\ La <Jji jUail | _j^*»-» 0—1 f jV LaL?- «.i ji 

O^L- . i y^> J j-r^ 'j D' y J - J~7^ j' y ej'uJU-! J )y> J~S yZ 

^^LaL^- J^ j’Lia) *Xj y~* 4X>L- t ^ £ 1>LL j3 jaA J -1 jLj ijj Jj^-v* jlL a O**—^ y\ 

(O J»S^ ^yis I j elj yO T & * a jljjl 4j ^l-Ls- ^^15 a j <JjJ L j eJjj j jJ^3 yS (_$!. fr.*. ‘T a j 

oVLiN«il JC—Li ( j^aj ^la—* jl (jjj-J JjJjLi (_£La *5 oJ ejb ijL-JLI 4 j y*u . (oiL 

J •" -» ^ -^~ J^jl ___)! » 0*£ ^ yd ■iL^'jl L? -J J -) ^ 1 j I — 1—* y Lj 5 y y->- y ^ ^_C^Lj y 

Lj -i j— Oilj^ ^y—*)L a il O y ~*j iSJJ J eJ-i O-L— y^>j jty jJ (V—V) j^i^wi JjjUtt-a <J! — jI 

. I J-j ^yf-iL- j I j ol jJ^**-* oljLj ^i\y* ji 


U*la* b#yJD 

,»..*l^jlU J eOi U»jl ji ^y>«ixMi l—>l *5^ Jj yin ^yd <0"-L— ^jjLfcLi*- jJ O’ L.^wjtj ^jjl 

j JJJ jl <5>J$j^r tSL* ^ L^l ,_iVjjij e j Jd^ jl y 1 Oi 1 

j»jjy-a ^yjL^. ~ — > -1—J t_~-J Ji (V— T") J-S ■ -5J—i aJLjJLjJLjl p j^i/ ^IJU' La ^ (|y 

^ iU (i^lSfjJ {J> LfrjT jl ^f* e-ULla ^oj ^UaJ^J Js^b AJ ^y^ia— ^IfjT Jj jj <j 

jl^-fcA Lj iyX AlSmJj (^JJ ejil J Jjl^ l5jl^-^* jj>J - 1 ^ C—al JjT 

< I y 1— * j. ■ ^ a jra ,>fc^a 


■ <> jlS - (j—-I jU iS^jjj tJljJsl i3L>- 

<£ ^yilL?- ^Ija k Q--al aJw-i bjIj jL,.Li La<1xjL>w« jl ^jj jj ■ *ij j-*Z> 

. ^ £ (J\j oT ^4^1 Jj *£ C S^ji t5 y 

Jjl jpj <S k ^yiLS" a jljul 4j S' y+*m.* J j^y* a JjLjlj^ tjl (^_JJ ® j j_$La 4_S^ ^yJUa- 

jl lj aJLjI^ j k_4S JuLj J-^ Jj -Sjb O—ajLi^a -bL*j ^J ft,,-»aj lj a3^jJ jl (jjaL j bt _> 

Oi' ^ <y lj ^ ^ d^x • 13 ^ iSj^Jij (j^jLil y~ 

<S jl JiS a j <S (JJjl_j-d jj . J jL- eJ jjT^j j_J lj tjJA Jjl y ^y ^Jj (• C-J 

J J-— ^Ijil aJjJ jlJLj QiA—.t. >aJ .7 ■ all Aj j JbL JJyS u* jjy ^jb (_$db c~-»jli-a 

°jy 


jJiX 6j A X*a) T— T* 

j 4 j! <£ 01 iS^X • Lf * aJLJLS” c_oJb>wa jy ~0 <j ^ l (jjjlflj! ( JjaL—i La *SL-i ^1 





y.j V 1 ^» j J ‘ fr* : —— -f v- 


,0 L" ) Ju 


■ ,A>- ^yLS ojljil Aj .AjLi JjLi L*i-P '„w ^y_n j^jj 4*S”s j 01 *^P Aj JJjl 


H^J 

' ! T 'u \ ! ) ^yjb- 1 ;—* Li J AAj jjJ ^ ^ jL$Jl . ( JL>- Ai O J J+a-C- y® 

Jj y»i ( y® *C>- Lx 

A Z—I j^i (_jL® Jy] L j Jj y^ jlj JJ yjj Oj J-* 0 Aj JL-.'T flj lj I A 5 J j yA ^jl jl 

i O—ib jAt jj lj ji j -ijlj- 4 JjLi aLj»- jl . ijb cJ \>-i tjilj ^-l^c- 
j-J L y > Ja-- i^Lf:' tijj' £-*“-=r l£ Ji -Lly ^ jLijj ^LjJLjLT : ^xl*— l$L$j 1 - bLf/ 

Jjjl ^b»*ji Aj jjll—! Aj ^ > 1 ..-,JJjJJ (_jLi. Jyj Ai> (_5“ I JJ-"’ 45 J 13 J- J“~* Jy* bjI— aJL-ul 

. J' —j Li y* AaJJ j 

JLi_i1 Lfil aL^-ji aj ^j j! -W>ji ) * 3 j J>- jLijj (jLgJULi' j ^ jl _ 

oLaJb iS ^yjy*0 ji ( Jj^L AX>-L.- p_A Aj i-5vj.ijj jL^jl J ^ Lgj! 

. c—-I yL? y^oj l?L* J.J 3 j>» j 3 Or'j 

x»l j aUj j jJoj jl t _f IKj ^ jbjj jl^l * iS ol..L p pL*ji y)jj ji o-*jLa 

r J*jl ^y A Aj i s fl i 1 L£ ^jYl *- w *0 

cr-Jj'j 3 jL ^j-* j ^jj'j jij -^- JL--OU 'jj'ajj jl*- 1 ' • £j\x& j j'j - 3 

cj j jljj j jjLj . jj-jS* ^ ojj-^ jLj b5Li JL- L* J^j 

■ 3 j— 1 i_f* ^jis - ji is^jji j 

01 JL>- j^y* bjLL-1 jL 1>- j Oj aLjI Jj (_$l^ ‘ . L L» jl (_$jlJjJ ^!jj^_^ 

. ijlJJ *yrj j^jj 

jl^jj l^L^-LS’ oj ^\yj uf-jij °j iS^y. W^ 1 ^- tf-y. '■ JL^ 

^l^JLS”aj L>lji>-I ji yO* 1 j 3 (Ochre) oL5^ . JUl i_..-Lio 

■ 3 J'+J Lj1A>-1 jL Jj (_gl ^ .‘‘.S a j 01 y-> 3 ^-0 O-pLj Jb.J ut L j }5jS yt (_£1 aJ^jJ 

yLL <S biwil jLjj (^LfLS’e j jl j^j ^$\ aJ^J l 5L^LS’ oj jj> jjb ^ 

J bl-Vl iL» JL*1 J OJj jt (_£j-|-^jJL>- ^JLp J t C~*J-B Aj jLj ^■^- c ' t ^J JJ J A; 

i Jjjb 4 -=?»r- j^.J j a j ^jj JsaI^ j 3 • J~-1 jl 0J-0J A^>Ja» a^Iu 

J~y* jji j tyLS" o j Aj ^ J ^y^Jo— ^yLS" o j Aj Jo! 3 jj_* j aS" jj> _ eL// 

. JLib <1-11^ jLJ 

« ^ ^ ■»■■■■> oVi^-iL. j.1 j cjj ^jLo a5 jU-Li (_jj jJ> LJUIS” _ i_j 



V k 


, jii jy>- y b ijl J-ill-j jl a ; £- Jb ,*_Jb!j^«j _ ,*- 

. - **i *Uw jl > >1 JUS5 Olj;*-: - i 

-/ | 

AjgJ lt yS 6^ ^lA a£m 1*— 1* 

• O-p-l a1>- y> ji J-»Ll V (jj : AJjJ fj J^-L-I 

. La *d ji L-.yaJ jA>- j ~ *—4^/ 

• eo^-^ v” 

. jl^V^ Jdj J- 5 (iy jl *-^i^ u~’ lS^ 

AJ$J ^ jic' 5 1 -T-T 

. c. •.•’! oJl- i oli jLlj i^_Jt c-jt-frj b jj a_!T uf^ .J(A-T) 

ijjie j aj^—5 (jjjtJL? 1 j* La aJjJ jl j*j^A j«_ . — j ^L^—ld j U_lii 

aJyjj-S yy*j _p lSJ^ 9 L$-»«—-a ■ '^ * **'' j*j L#^i^ t5 W^*T v4 J-iL; ibj j*-—e 

L*5 ^L+jbl c-_*_* jJ\ U6 ^_i =) <J^ o aJ- y b <J ^ 

_LO ii>- . I Ali —- Jj>L..»—-* < _ yr ~ ; j (juO Ja>-) i ,^—bJ p-A 4 j 

J jJIj *J*J la.^j_) IJ (__Jj L«_>- ^ 4. P J 0-2 JAJ jl j-ij-J l $ « 4j dL_~-j 4j jl^jJ { jf* 1J 

. J ^5 


r-r-r 

. 2(_£j|JL^ <JjJ 4 j ^ ■*.■•> J °^J^-‘ b b -I-»0 b jljj (j 4 JLiIjJ 

Oj^J-^ 9 ijb« J .4.A j^jIJL^aJjJ j (_JjLL>- jbS' i ^rf»l>- C^VT jl e2L; LaI>- t^ yb - * ■; ;3 

»JLi ®il2 jbij C^ - T") j2 2jj jlS^ 4j ^jA ji 4? L5 all > «i..J oVl/^—iL* . 2 j—^ 

t O— . j j^j oLJUa ^b>ul ^»bi La <1 jJ >_..i ^1 . c — ! 

. 4JUI y jA>- — 

. >ty b J 4-S^J ^ i «** y b La j-vjbl j>- — 

. A^lj! A 2-i>«-» ji j$ y — 




_ rr ~“ yjf jtyi (A-f) j£-i 


j c—jj-Ju jbv.1 Jb I j-.iL* jl oU.:.,. J L yji ^L*-! y aJl 5 ^L»»jl <. jjy^ a>- 

J i-Ss^- y£ ^ ^]n.* jj jyk -L*i |»L>mjl JL^Jj»-A lj (J-*—^ 4~u yA Jjl y y* j-.iL* ol^Z__0 c_^Li 
-bL <_ * .,.JI. O—.il 4_«^- y JjLJ o—o L oj Jz j^S C——j jLcs-i jj 1 j L» j—^ aS^ ^LaL^- 
^IJLT-JjJ J Jr*iL* L 4JLJjj yt>- t j-*j 4 J- 3 0*' i—~5 ji . $y~>i j*[a <1)1 j^S Ja «>jj j\£ 
^ulj jL- i») L ^ kS>■*» c jfi lS'j' 3 *$ yPy*-*- *i J '•^jZ j' 4 3 ^ 

• cr* iSjjf .)' p-* j <_*• or-^* p-* 4 \J*jj> y} j j • c —"' 

JL»- AjIj JL. jl jl j JbJ£-jJbi \ \9" * JL. JjJL>- ji 4—JLIl J _a_>- j • Jb aJ ji c_.yaj 

^JJ jrf'p^jy-*^ 4 -^' 3 O--'bbj_^ LS^jcSU^^r 1 ^ 

(^Ijj . Cm* 1 c-Ci eilj jlJLi ( \ *■ —T ) J^-i J 3 ^jijj *“’’lj* rT - C—>1 

Cul pjN LaaJjJ ilL*- 0-Ui-i oJyjS j aL oSJ->- jjl JL»- jjui o jJLj J 

l^Jjy L Aaji a£ jjl Aj -biL NL k-i ^0 Aj ilL- OjJ jijNL jjjjis jl ill>- ji cJLi iUmj! e^A>- aJ 

4—1 Aj i!L>- L)>Ci «-Lj jS y\ ji 0 ^a>- J «JLi e JjIj *i> _ Aj ^Lj 

«J L J iS iiLi- ji (\ * —T) (3i^* t, j& l? 3 y** '^i { 

jjIjJ . ^y-“ ,_ j* L>»j^>" ^Lj> _jj j ol J&\ 1 j^~ iiU^- jk—iL a>*jLo^ j yl 

Ajjlj Jil L a 5 ^^iwJL* a>^ i-SL alJ&*l ji (shear) yl ja iiU- ^£c~Sj> cJU- 

i)L»- J 3 Aw . 7 ij-ij Aj j £I L«l JJ—-T y> Ojj-hO JjL« ^y* <C>-j3 T 

cJL- L Jji jj ilL^>- j J-i A 7 .. X . i *S j>— - j ^y* ^jljM jAC ^L Aj ^ 3 .— P Aj JUL) j*' 



iJL>- .1.. t Li (l) 4_*_J y\ y Y lj 0 lij-L>- <S yxu Jy*-*- j-J • o—3 O'jLica 1 -< 
'-r’ry ^ y. y' j~ c ^y*i 3** S^\ j* ■ *y3 ^ ■—■<. — i j~ ** 

J-*-* _^J >* ' Jli ‘^-d'- La s riy 4 “>r i j- 5 J jbiiy" J jj- 1 

IJJ j i]L>^ jJLi oj^JL) <-~>-j~* ^ o~3 t3oo-% JSLi j-~j^ JJjxu o—iLi 

Lai JJ.ljJ OjlOa l» -ib^ j.5 ^1 y*a J^C. . ^ J ^3 J jXjt> Oj.U cr^b - 

^J^<»L>- ajt_j c » <• ■*> . jjlj j-j (aspect ratio)*iJ *i*«i 4 j 4j 

t„~ ■ ■ « 1 4.5" j ^ t_ a . < T <i (J jl i j\ y i)L>- j j 4^0 ou 

JLiU oJLi ^JusaSO* (ji 4J 4>-ji 'f ti <lljj L Ol_J OjaL> .}at y.a'S jj . 0—3 (jLiLl ^Ju^g-L* ij! 4j 

. (ju5^-j )*-r JSLi^) 



i , -it ji 


(backacter) 




auLiljJ AL»W t JjJk< i£jU*> j-f—1> 
t/L-Sy y~* £> 

(trenchless - winched) 

jjJLS” tj qLLi^j ( S — Y*) J5w 



vr 


ji j V' ^ * J J-** 



*. ■«■> Iy jA> jjJb I j? jy) j J (jI JI 8 i l i ■ .. I j yj 'J j i “ ( ^ • — Y) 


(J-g-f- *S Xy— 1«3 i yJ ljU»«J jaP jl y V Ij _p Ij J 1 J>%J XL yiS" a j *JyJ 

O .. J J (jl Oj ji» j J^aji j .,a>- 4 j) ill>- Jajl y«i 4j y^Oj JLi <U^ 4_S jyk jb-A yjly«j 
(^L^L?“ j! ylX_j i ^X> jJ yilyjgu yO- . ijb *.j>.,Jj O—1> « ./3 Aj <j...i jlS^ y 

■ XiL ^jAijf- yXT j (jb *jjlj) u-> jj* xlj XX . s jb oJl>o j *I yjljj jX XX 

<JyJ j-»-p ^ iIh' ^yv ■ ^j xlj jx os’yj>- xty— 

. ^ jl jl yxS" i^Jly 4j iw>ji»y ji j Y ll N y j <* uSbX>- ^l^Sb-ji 


^oj^To^ur-r-r 

JjX*- j} 0-1 eXi flib jlXX (^ — Y) *£ yJLSej oVTyXib yU oL« yM»~ 

op y— c^ljb jyX y* eX&LX* uS jji» jL«j . o—l oXoy^ ^Sj ( Y —Y ) #jl*X 

LjX XlX yJj . XiL^y* ^Ijj JiS OPy- (j \jb yjjXXly j jj.j j^-ib J yS" 


}? W* tSj'-b#& J t/4i f j'^J J X 


<SX oi j£ Jajji 


. JXlX 1 y* j y—M yj IJ (^yJX (_5 j yl oVT j-1 b 45 J 4j , .SJ j£ 

oLLp ji jjOib £y> (jJy (^!y*_*— ! t_UP ji ^5v_j-wSb ^J.jj L jLL*- y—ib _ 







j uljj! li— j O’ y>wVSb» y~i 4- y^^%A yp L* i^v ^j* O' j' e * 


* v Lkj. 1 ; 


V ^’y jr " 4 -- ^ 


rl yji iL* V‘ ^'- v*’ l 

u^- ■•»•- V- 


rf 1 C^Ly y.' ! J U-' v-3 <wJ 


jjj 1 JU>-j> ji . c—3 xS j_j j! _)15 c-f-j ijjl »_iL/> »—*21 0 *1 

<? ^i^u- . c~~<1 l-i'o <y <y ij^b^ ^y^'^. j i - Nj ry j- 5 l> y 

«L* ,*0 . JjO J ‘y t —*^ ^ O^y •C-^Li ^po 4 

O'X*! ijlj jl O 4j jS { j~*jji 'j jz~~ * ^iU*" oI_jj fj* CJ^ <j *S t yi) <Jl»j»-j! , .^jA yj 

oi—^y*-® • x\ <j i s yy (_yy*jjdojjL..» j ^yij j ^y. ^ >■—'ji—*>■ 

• r^y' c ^ j> v i*yy y«i csj'—jj ^'y y^ j 
y*i . c. — >i oj ' j~ - -* 1 *» ^jji j <uiji y oyys> ! *x*j i jj y ^ 

. Xiy jjj i'L>- j-> 'j jr^j^ >> ^ ^ j *i 

Ij L_^jl LJL-p ^y—* ^ 0 <jj ^ ,j^j 4j t L^ a_w_>j aS^ ^L> j! 

‘■~ j ®^ o j 0 y L.i i . .4i u j <y oy ^-* ^ ; y L« Lj . X}L* Jiw J5C-1 <j 

C)t yj' O— i XS jj>- jJ L si j-*Ji <S j I <Jy j£ J 4 r> j oil J jl jj 4.0U1 y 

♦ ^ <j^J jl J <_AS* «jy L i ^P jl ^JL>u 

tj oV! 4j--^ ^ ^1y 1 y> oLjj(T - f) Jj-t> 


y- 1 * ty 


yy^ y 

<1—0 j 4jw1 ji 

JL- (8 ' 10 tonnes) 


jy -^j^* 
kW(HP) 


30 - 50 
(40 * 65) 


y/ 

<S j!4>- 


km.hr 


L- 4.0 0.20 - 0.60 0,2 


60 - 90 1,5- 2.0 0.20 - 0.30 0.5 - 1.0 


i^yA (13 -14 tonnes) 100(150) 2.0 

: yL- (16 - 23 tonnes) ! 50(200) 3.0 - 3.5 

,» y* ^jj yj sJL >)jj jjjj (_f50 - 80 1.2 - 1.7 

(65-110) 

j&j j ^y y j jj ju yx l* 100-150 i.6- 2 ,o 

(135-200) 


(80- 120) 

100(150) 2.0 0.20-0,45 1.0- 2.0 

150(200) 3.0 -3.5 0.20-0.45 U 3.0 

50-80 1.2 -1.7 1.7 -2.0 


L- 5.0 





va 


■_rr* jjij , -r li 


«j i 




aJjJ ejlji?! _p (^1 oj^* o jj —0 aj aS -L-Mj ^jpl jjI jl I aJ jJ jji ( _j - ~-* 1 i1j-» 

®ib .-l—° aj (J jj) a_aL>- cj jj-*# a- iS^y <S ' * 

J 5 ^ J ^ <JJJ ^ J ^J- 1 •~ l -r^; ^ JJ-> ^ Jjr^-P ^ u* 

■ 3 **u4* 

j CoPl— jJ ^ * * Ja—i jCp j jJp A- v_Sb—■ j j A-JL.il y ^LjJCoil. ji OJ? ^p- CoPj_—■ 

t ^j-—•j jI*jI i iiU*- £jj aj .~ j jLS jL-eJlj ■ Co~-l c-pL- jj ^cp ) * * * ^iSlcp- 


^ / Y L* ^ ^jli^ aJjJ J~p ^1 ^j*aa ^L^SU- j^Iji . Jjb jlS C-JjJ-L* J ljA Jajijoi «. ^ 
jUip ^jjl . (C.,—»l ^jlS C-pl—' ji ^—* ?* * jlS ®Jjlj Joi Li Ja Y * * ^jlS oj Jp jiop^- l) jl 9 J jA 
fj+s* Ij ^S jj j ^L^JjoSLi {$\j{ * *JJS !-Lj ^JoLtj c - pL—> jj j~» Y * * a> j_y—<j ^L^SIp- jj 

. Co--l jS^JJl jjji jj jlio jl j~*S tw~il jA aj oijU ^a T U Y/ j j\S 
i jj Jl y\ lj eJCilj L JdL i jA jLj jAj& t j £ tSo Aj j j AoLiI y (_£LjJ«oLIp Li jj £ jlS ji 
^yJL-L jj jljp ^jJp-iJj t aJ jJ AjJLhj ^\y ^j\S jAj A—j j (ob^P- Jvbs +£ 

y^>tA jyS\y j! c jLil-ol L) ji J <SrJj>- ^La aJjJ ^jlif jLS - j i U aJjJ jjj 

jJU Ji Aj I* j£j\*£ jI-Laj eJLo jj ^^Lj u£.». ~ ..j^Lj (_^La aJjJ ijjA ji <. (j\yy j jl>" Aw - i Aj 

Q.g-L—' ^Aj Y * Vj \ • l^J—1L* ^jj Jjjl ji jLj ij ja ^yiU-jl (£j j*i Aj . AlS i jA IJLj jJJLaj 

Q..C- Lj _ jAj r» * U Y6 • AjaS^ l - jJ L jL? Ij A^jLL® jj) Owj 1 aJ jj J jip j-Ja \ * * * jA 

• (a 1—Ii jlj aJjJ J> ^ V * • ^ ^IjJ 
jl ^■■■L--; Lfj-iL* ^jjl ji jl5 ^o-a j-- : ^jj a-U !y OjJj <_$jLip- 

• ^c5j^ jjj J* J* j~* to =jMj~i y\y TU Y ) Jj y { £i ] LACi\ y^t 4jT ji J oijj j j A-Lj1 y 

t0«Jbl ( y*A i j^A ^ A * lj 9 ' jUA Aj) jb ^JA Lf ^i ^Ia aJjJ ^jljLi'jlS’ (^Ijj LfJ-—Lb ^jjl 

jji ^ y . L .IjJ ji j—» A S Aj A Co—<1 CoA“I J I ji jj lj ji J—£ jL5 . C—ll 

--Aj (ji-ijJ ej-^j Jj LfXj—iL® fji JjILj jljj^ j_J IJ aJ jj 


A-ilj 




jujbbl 


jJbj- ji aS” a_L— j Aj j ^IjCaI ji jji—5 vj ^.~.- - £y ,_yJ j aJLiI jj jjJb jLi->- 

jlC-wJpl ^jo-iL- ^jj ^jl oVl^-il jl . J>zS CoS' j>- Coo -1 oJLi j&J j^_-« j ji (^1 AjaiJ Aj 

A_S j jJ-Sl y el^Lo-J i-^j a 1 -_—ij Aj j j-S^jC* J • k «Loo -1 el^ j£l .J A Ira Hi CoA jLi- jl 

. J J-L ^yA t Xi.j.S JCS ^yP CoS jP“ jJb“ ji jA 6 * AJo-pU ji 





i 3ysu» 33^-3 iSjj\ 3 j^XJl y ^3^ Ij <~j\ 1 a ji yj aOJI 3 jjJb ^jlo- 

3j3 ■ -Olj ^yj j i.lLs>- j (y T jl 3 —_ j i) iUj jIS £I y>j ■ <*•*- Aj . .X'.'S 

i P *■ D 1 xb i3^3 I (D) 3^^ 3 <_>“ a ' c ' »—*-Sb' Q~~— Aj (P) jLj ij 

• cr 4 ^ ‘-*/ A * tiJy' ■ i >-' J- 4 3 ** 


AmJIjJ mm j i3A£ J^itf 

jjJlj l» t£j$ ajlXl jl (A—V ) ( J£— ^jalLr* J O—.> l» XI y ^j* 3^ ^ 3^ 

jl (_jl K~*j£ ji . O - — 1 (_5 J jJ ^L ^ aL^—O jl cjll aT . <1 4,. * . 1 ly j 3*^ XJL>* 3^4 - *JJ 

s_ * ii ^i i L* y— 1 aX^»^ ^ y* i t* ®^b J 1 ^3 -J3^ 1 ^y ® ^ Apjy 

al^— O t i j3 { j» !».«, I ra’ , i jl Aj >Q, — .-I al^— O J 4—Ls««^ *S Jpu }j y> i ... M .- Aj Ay y la . i j - - y 

CJJ . J y a^b AOjI y Aj ——l— ^j-o-C- ^ J jj tj* J "VU jtSbj>- j3° X ,j-—b» 

<bju 6 S ja^aua ott J> ji . (jU»j.i •/ * ‘6) 0—1 y \ * * ji y y 3* ♦ /j ^jj Jjl b j!5 

• ((JjjJ 3 3, lT^ 3T *y> <S J 3 £ J& y\ jl 

AZLi^ jjilji OjlaJU k_iil>i— XjyS ji (_5jl jS <1 jJ 3 * J- 5 jl- 1 ?*-* 

. JLSL ^J^bj a j aJ^J ^lal uaX jl XLi J 3* ^ * * 3*J* #b-— I jrtl jlXL* . ■> ^y* 

\ * jl JLpLj 4_JLiI J~> 3*^ -j •* J-i 0 L 0 XI jl.i-J-a O—*1 y ^jL— T • Ia <]3 3** 

• x5" jj l»J Jji? ^ > • * J* ji J—^*1— 

Ajy a Uj 

4_S" 4j , 0 —1 (JL— u ^ . t ..>- J.S «J xlyl <-« | 4» < (.$y (J^aJbl jl_a j 

jl y y I j »j . JO£ xl j OJj jl 3 XjIjSj Jjl £ t^jb” iS^3i3 J 3^~~“ XL» 

J—y j U o—1 J j s d>— oliL <>- »w< • / * i yyj j~* oij x* jj 

• ^j'- 9 V^r J-^* j- 5 j^ o—J jt» 

life dLLjfjJ dtXM 

Ixjl xU aJ 3 jj* ij~~*y Lr^iJ J aJ^J jl L* a_— 1 3 3 




vv 


-r 1 ' J-ai 


ifiji-J -^Lj>- jl _y jl-bLj S' J -O—«— « iiL>- \jjj 3 j~S Oj c-LaI il. .O A*j ^y>»ia~-< ajV jl A_? 

■a—L <1)J y ■ |*L>*jI ^SLjLSCo aj J^_>u ljI# L O—o lj o'jj" lj j-L?^ jI . C—il 

L j j-Aj t aJL»jj j aj j aJLjI^j ^jLi^- jl <iJu«>L>- i5L>“ L a <n,il ^j ^l g ~ *■ . - * 

Li <jl A-JLil<1)3^5 jJ jl 1 j-o ^Jj]o r*» J <-j| jJ . 3jjJli l _y* ^L>«jl AjLiwA oVl 

• ^^ ■ “ j*^^**- 1 ^ t^L-s^t ^£yjjS l—>- U ■ ^ ■. *1 j cjj jj_jl£ILj <_£liiLc- 

A-^™jl^j o•.!■»— j ^ yjSL>- 3 j <^^L*jI c-jl a^ -A— y { caI^*—»a ^£^L»jI cf^b'j- 5 

jL^jl k_j Aj IJ iil >- j! (_5^L J JI . .Li. o A_£ Jjfc3 ^^A jl j_J ^ijL> j_) <JU>«j lj <1)1 Aj j c JLJj 

»-La j iJl?" A^ j_j^J k .Sj-f £3J jjj^^ 9 L)1_JJ (_jA lj ^JJxJLa Jjjl . Jjl J j jA jJ% 

(_£jj j3 i_jl <j _) A-JL iI y ^ A l ».... A <1) JLa j£* jl A_£ <1)1 j^j3 J 2y*J j*—^^«J Ij A^LiI y (_$JJ 
»JLaLLa I* A „ . ‘ .jI y {£jj ill>- ^jLjLa ji\j»j-A>~ jUj jA J e2y**J ^ J-L->- (^L^jjLjI jJ <1)1 

a ..,<•?JLjL,^ jl <1)1‘..i olgl • ^_j*j ^IJLil jJL>«_a (_$^j jS^>- a_i O.. aJl^»U% Jl J j 

J J °- J “- c-jLLl^I ^ij<1) jjj ( _ r 4^» jy£J jS Aj aS aJ ji Jjl JiA \ • ij-i 

Au_S" Aj . ^j _^ ^l_>»jl Aj*y Aj AjV J ^jjLjj <03^ Aj ^jI j3 A . — 11 y _<_>■_J <1)3 

jl <1)1 Oj jl»J L 3J—i ^jJILjI Ijjjl AjV jA . jjL»«j J. 1a ^^LjLa V * jl AjV jA C-aL»«-^ 

aJLjI y jj jS L>- ^1jL >ji J (Piping) ^JJ aJI ...A . J —-y w 1 j<1 La JL>- Aj <J_Li &.)■..i £ jiaj 

• ^JJ ^ Jit j' ^ j 1 <J-A 

(_}LLI jj (_^J A^HjI^j <l)jJb jLi>- <_$Lj.-..-*I a L o J-i _ _ »j3j (_jLfc aJ j] £jj_a j3 JjL*.^* 

3j^a Jjjl j3 A^ A-iL <^jA 3L»»j 1 ^jJL^I 1 JaLp i5l>-^la-A j3 O-Li 3 L»»jI . JJjl ^A 

Jj I * " . IAj d)L>“ J «JLj J~~~* i^5jl—*jl v-S1j lj 3 j<—“ A_Z_S ^ jiojj3 Ajl .!L A Qj' JL g »’ JbL 

^Luwji ji j is oj d“ r~ r 

t. --a'- ^A ^L:_jl jq-J jjj j3 lj ^JLij3L» jjJLS” oj J uJ<—>- oVI^La 

3JL><_j <1)3L jJjLij*- j3 l_A aJ<_ iliiL^ al.? 3 jb 3 y>-j Jki^- ^y\ XjL*j 

<Ji <1)L j-^- 3jjj ^LL-a j3 C-Ajl_a_* ^yLjljjl iJUp-L Ia aJjJ ol^Jsl ^ j «3jj—>- [ >^j 

. 3^jfcj ^0 y* jj* j^-Ijaj 

^ jjj ^ £jJJ Aj -jl ^uLu- ^Jj cSjli-S’ aJ^ j 3 Ai" j! ^3 ^jSL 



_r~> 0 L-'l*-*—-* - f 


VA 


aS" (Jj?*-> <l • C—-I »U _j i jlJuLU ^ IDS’LL ji <2Lily jIJl>- 

i -jy ? _.° j J ! j l 5j^* ^ l Sj^ uUU*<s jly J^Lu j (jjly • -jl-L *yrj J j UJI J 


<!jJ j jy* jj J£U« • -iO jIj (_£jLL»- ^ ij jjjJo .^Ll L ib jly UJIy 
jjib'ej jl *-j 1 £jl>- . -US’y« 4^-y 7 '^: -! Ua—^ p-* j *-?jjj j*j* *b" jySLI 

^1 j^jS - ^jtJ- • <_y iSj ^ -^1 y- j->jjl («-»ly j jl oj_ y jJLi b-#-L jy5UU 

. ^y-il tXsS -ul*J ^L* <1^1 JiJs jl L j ij-^S ^y Ojj—« t -~*j <L—-j <j Ij 

( y . U L y» 6) (_jt»pl y Ij a .US' aAjtu (^L* aJ^J jJj^li *£ c -l oJi_i4i3*-L«« 

. JJjLfcJ 


^1 AJ$J yjtS 6 j i Sj*b ftXg& f- r 

t Jjb jy I ******I -;.vbU J~*J ^y I^W" ygyl'l U 4j 4 SJ (^Lk <J 

Jjjf ^y Ojyj? OjJLj ^yc-lj j jULS* (_$ljk aJLj j <J—< j <j <J J . Juyi *—«j j* Ju\j 

jbb jl <jjJ ^5” ^ybkl>- jJ ^1 • C«bi\j 0 J_i i, . .&i *S jl j» I *u) 


qaT c^LaTjj AJUi m j do Igttf Oj 

J ®- 5 ji jr* 1 ^ l5J^" — ^ ^ ^ jjy L# la^l^ j-J -^y 4 s-'y*j a3U~» 

. X^l;^ Jali yiU-a^ljb 

(Fe 2 0,) tijy X--5I Ojj-^ <u j>l (y_p« *b" ^^“j 

j yiJ y Oj fl J ji ij** I j e ^ _y i3b~ 

JU—I j (FeS0 4 ) ja\ oLi!y- <j jJLi j *j jl ^ ^ JuT^ (FeS,) jjhT 

• Ji-U" (H^SO,,) ^jyJ^» 

2FeS, +70 2 + 2^0 ->2FeS0 4 + 2Fl,S0 4 

4 ^^^*1 Uib (y'Vlj Ij ^/0 O .A-... »!) l~Ll Lj \j->~ -i*jl j »J J-5 y-« 

Ll— j a^L» jl*ja 4_~JTy I . H J> ^y> ^JjUj j-^ Ji JL—S^l *0 jj J *->jj jlU^ 

t JLiL ^yfcT jj_i! y* (Jjljj jlJLL» j£\ l/l . a J> ^j* oJUtLJL* Lji’LJ *£ o-j| cr^J^ 



v«, 


*r ' "J 


-r--r r* j- 


C~.il J jX>*-a 45 S CjLaJ 4 —«»■ Cs~Ci vi.pl) j a 5 jj! u l j pH v a Aii J L»«J I C>L ^dJ j~- A ...i I 

i-pL C-—ijJ ,i. _ w^ 1 i\S*~ ji pH ^ ^’5 j-5 ■ \ j .1 5 o j .ijlj ^ J »Ai 

iy*- 4ajj 4a jj-i CabU^-i . jj ^jA J jji Cali! j ^>1 jyjS y* 0 j -.1.1 . .-51 

Oj yfi 4a ailo j^al . j% i jA ^|a JCa J jl>*Ajj- Fc(OH). i~Sva jj .,!.. 5j j Jl .ft 4a j a Jii a. i..~5l 

-L~-51 4a pL»J j-ll biL ji 4 ....,. 5 jjJ^* . Jbt*j f yA J-^ “j cjljjol jj jjU 4iij 

• y Ji-V _r*~< JJj * l OA-i J >\ jJ> 45 i^jjS 

■ ^ J trr*jji3 ^P H (i*^ 

J ^al pH 45 C—l ^Laj cJls- C-.il aJ—1 eib olia (T—T) (JjJbP- jA 45 jjjs Ol*ft 

. JiL aLj Fe c...lilp 

^aIj j a J }j .\.* — a ^ 4a j! ijljjol jCLj |*Jk j 4 ] i il>- jL—i Jajl y—J jA 

• ■>j'-^ *yrj JU- y J5Lla ,jjl J*- 

a j l_. i d ) j! yj <Jl—n 4—bH ^Jl jJ Jjftl ^yL. J—_i 45 blAA ^^a ilia $ y>- yA Cftl j_i 

J 5 ^* L* 1 ^ <5W*'j j' (HJ-^ *i lT7~* J y ^ 

4j ' ^ C 5ej IjJjl 4_5 *—. 0 jj ^al 4 j . .Lila ^.1 5ej (_jl^ ejj ^1 4l>- j~a biali^-l 
jyk] jj_i 4 ,~....i a_5 Jjvj jj^L^jLy jj . j_iL ejLn L^jI oa jS L7 Jj y. 4c>-Ljb jlajj (_^LjJLl5 

IjLul oU»Jfc jl (1)1 _y y A-iLj (_5-l>- aLj 4 ]!.. a j£\ ■ ^j|Jl^<1^3 4j JU^kwii yA 

'j jL v-^O J L-iM j^>“ jp* ^ 1^ aJ lw» WXt <A |» I a? I 


jjii'ij JuJul; pH j Fe + + cJiU ^ ^Llj (f~f) Jjj^> 


okUFe + + 

aJ^J 

^jpAl ^ 1z+a y 

pH <7 

pH >7 

^Ui Jaalj-i 

<0.5 

< 1.0 

OjXj 

0.5 - 1.0 

1.0-2.5 


1.0- 2.5 

2.5 -5.0 


2.5 - 5.0 

5.0-7.5 

Jlj 

>5.0 

>7.5 







^ I c j Io I L La aI^ ^ \ . . ... - a 1 ...» j Aj j 1 yj I j 0"^' v ^’ **" ^ j ^ I a—* l—# * *~~' L ^ 
j aj—L 0—*jj ^jj jt «JjJ ^>-lj «j ^La aI—* o^jS” ^>-Ij L jl^j lj jlJ. j j«j kj y 
^ , — J j y~^ tjl jL>1j Ja-^i ^ j\S ^j! a j j jj»l . jI j pl>u! jJI eJuijS .j> ~ j ^ g ■ ^tj L 

»Uj a_S^ j jj ^ilb .1 .* L r .a . «. ' I ^ j lJ I * «jIJu!ajJjL jj w^I jl .L .♦ r ^l . (\ ^ — T” 

• f jV L$y 3,J J C — J^J -O'— 'j (V J 

> jl aJj 1 ^L^JL* jj a j aJ jJ jj> *— *s*j£ aS" j oL^-A 

< -^a! jl ( j-j (Jl —j jJ L k^L La aJjJ jj^—fi ^ju a_£ j^j JlaIj-?- ^ jV IJJ j jJ lij—u i jf^ > £\y*J ^ 
. jIj pL»u1 jL Jl-» ^ * lj £> jA I j j)jl jl y jl jl ^-j . ^ jS '■-''j y*0 

I j La aJ ji JCjI { j* jiS'l JLs- Owl }j>-jb jl jL ji La aJ jJ ^jO l—£ a5 ^j VI JjL« 

J t ~ ■ C-l-J T * * J 4 JU> Jajl^^l J J 1*1 jl? > ~,- P . JCj L»J j —ttO T • • llYli* (J Aj 

(jljj ^y» lj (jj jS j —. Ali.-j Ofrl—MjJ T * * J—iL A_I>J_S 1 Aj aJ ^1 A_S" (_j^ 9 jl j— i J-i 

e j aJ^J A_S" ^JL>i^» t l j 'll jl i a.l .L a jl J L)l—. L j ( ^ ^ — T) jJ A^ j jl—»-A 

^J.L ‘T aj l.g—«JL ~——<1 jJ . JjAJ J—i jJ—*-A Aj La aJ jJ (Jl A,a 11 jl L J J jjj ijLLS^ A) 

. ^ Aj-*j p jN O L— —‘lj LA aJ jJ JLm3jI J- 1 jfjl iS^y -J^Li 



JjL 

A=^ 


'LXZ 

Jz 


4AJj a. <^ > 


(jiSLj "-'^J 


v» <lifc 4 j JJ 1 l - - ^ 


H‘t 


L-fl jLli jLS’o jJjS' j-i (> N-f) 


^mT oj ji 4 aj)A d L *A m d- r 

^taa^a j J JsAS j oj 4J k—1 j L i—a j * 3 Aj ^k^Lj jl (_$l aJjJ ^jtS a j (_jLa aSL—L aLj jA 

^>. J-> .> ^->L^ ^JJ ^ J-St' La- jjjl J 3 Jjl^jb . Owl J-OAA jLa j jl 

. jl ^yiolj Aj jjb Aj kiwi ^a JlAJ ( J-^JLj a! jA-l A—jli* 




^rr'J jiJ' t ' 1 1 




Ju^>- - *—4^' 



^ 1 • 1 j ^Ss^uliCa s-i jS i 

\ • • 


\fl* - T* * 

<C-4rf i) J <«JL»i y 

ia» -r* • 

(^fL-*^ Jt-—- £y) ^jjj ^J*^. lSJ^**" 

-4 

o 

1 

* 

CA f\?) <Jj^J OjSj (JjU^ 

va- ^ * ■ 

4J ji oJL'JS 4jwLmJ j jyS\y 

va- ^ • * 

(Jjl/ 1 JaJ- (^Ijj) Jjy J 

va- v • 

(jJ^J) jb J-j 

'i • * - ^ a * 

j^ly L (^ ^jj) v-il-i L ^^4 4j*^f | jlS' a j 

va - w • 

jjJ s lib- j 

T • - T • 

4 JoJl^5 y .<w eL^i—0 


(^1 aJ^J aj ^1 ^ U — k—~> 

*1 jp- aJjkLlLa jt —j 

L*j kJsJ>Lilj y j lj (_j1 4J^J j_jLjJLS”ej (_^LA4JJJja ^1 


JO Ij «Cj J»A jl (_£ jIjj (cl.» ■■ * 0*VL j ^1p) oj 0*^l /—-iL> .Xj^- -i-i 

Jjjo 4j . C— \-f~iU yA ti^lu J (jib^ ^r*' i>J Jr'- 5 • ^ tx*j ^Ua^l 

• J-»Li Ij jt ^JUa4 

^VT j-il* 

(Lfll JJ-5 J 4^]) 

( U5i> cSl~*jf> ls/j^ tiL* o^A 

(ojUii j _jl> (_$La oj> 

Jjjj» jJ Jul y ^jJj O—il oil—■ U J^yO (_$l g ^ oj 4_j J»^Jjj* <£~£ju ^1 *S C. *b <>-y JbU 

. JLAi C..ti 4j <_£l «Ju| Jj i_JT y ^LjJL? a j 

La 4ij^A 4—<l>*<» ^Lo. ' -aIj 

^LfP- jis ji La 4‘«j J,A jj 4^ c~—l ^LAijljjk—*1 J j-i aio^-^b ^jj jj 4^- <j1 

J -UjI * 4j 4^ Lj JjL ^L* jl ^L^J ijjl^j . J j-J* (_y* jlji aiL a , :- J ij_y» ej 

. i^jJL> tSJjyP ^^Jbtue j^LAJjljlib—(! 


^^ ‘o jA ( J5 -U o ji \ 6 Lj ^ * 
£-4JojA JS" _L S> J$ f" * Lj T * 
^!ojA J—<o ji Y & Ij \ ' 
£-jif O jA JS -L4 s jJ T 6 lj ^ LJ 





,_j“> ‘j 4 -'*-—r“" - f J- 1 


AT 


j jj j dUPL- ^ £ * * u \ • • • 4 _j^L> y> J ^ j~ ■ Jt-- j- j'-iT oLpu-_ 

. d~-pL*« Y * * * 

Y& * lj Yj * i lS^j* j i —^ oVl^~-iL» ji i <0*VL^ j>^ 5jLS” Li ojjL_ 

lA m* 

dj-d jli>- . <£~Lsi- (S^j* j •—*1 jJ ^ * 1j 6 * * j v^>ji-5" 

j >—>1 _p \ • • * j j ^ j- 5 V ♦ » Ij 6 • * a_wI jj 

.Jsul^-** Aj r j ^ .—»- w ■ a jL —j .d^S*1 • *• L* 

- -ijl-i #j J 

jlS^Oj-Li k_4_^aj ^jL Ij j^i> 4j ’. O-?-j_> j*jiA - 

jL~ ^-i ^ ^ jjj jl? • ,r l^T *—* j • #■■* o jj-so jj-ji jj AdS 1 ^ 

. c_.1 c~c-L* 

. oj* u*49ji Y * jjd»- : j ^jj <-ij-rfw- 

U \ * * * ) aJL»I jj dj-d J A-LiI^j ^ L ^>«..*L« Jl— V j j -j^ j Aj ! _ 

. c—-I (op- 1— ^ j * • • 

. Ju j>- C——J jJ ^ j Jjd>- I ol j /_£ jl JLj^i OJ> - 

f 0 j j aJUI^J iJ^Vf L« dl^j ^ (J J ^ jl -df^J AijJA J t Cj^J <1 

. CJ £ jh jj jl d-u >ji Y j j aJLiI jj-Aj ^L^d-iL. j Juc. » *j Ju<ojJ 


(^j&) 6 15 f bjjf dij) ^jf jtf 

J f • * ‘ ~ - — ■ Aj ^ --*jj Aj ojLm jSj\S j jjjI j*\ 4 J_^jl j>\ (3 ^ (J^jT* ^ 

S a5 j (^ * U U)xS b t_$ ^jlS - aJN L» (^l* Ad j> £•_»- *. j-iL Y • • j Y • • 

. Juib _^jl5 cX» AjVL- Jjljj* 


|CUm 


ajlj jLU <Jjd-_3^ jJ *-—jI ,<-« jJii jl ^jbS"sj aJjJ 4_aJLL>«.,4 ^l^jl —o Oj> 



a r 


)S. J 


» j <J U »- ~ —~ f <>** 


>- : 

JU-a3^ 

jb £yA Lbv-i—^A j aJjJ 


T J^jlj tjUl Li 6,JL-— y) 

50 - 60 mm 

30 - 35 

30 - 35 

60 - 65 

80 mm 

40-50 

50 - 60 

no -120 

100 mm 

70 - 80 

100 

150- 165 

150 mm 

100- 125 

250 


200 mm 


400 - 450 



*J l?U J** j J'-*- 1 «J i J^ji J*^ -' 

.1—1 JL f\y ‘‘‘y, jl j^\j^ -^ > J -5 n * 0 0 * jjjU *—»LJ! ^p y..j » - Y 


aJJ J J» jSj> j a jj Jjl^ l-jlSU ^ * / • T L' ♦ / • Y Ji - cj <_$U aJJ jj^ J-i^j Jy 

. Jjb '_ >j .ii3* Jj^A -ii^-A C.-i J j JlsxA Jaj J— Aj ^T.. i (jl OJA A_S^ 0—1 jU 

J Ji J ^ _/•■* jjj Aj *-£J J <l).i J y j i) 9 ** *■! ^ l£ J J-iLj iyyy* J=*> J- 5 
. i j— 4jy J Jij jj JjL- j ,J -b^>- C>«j JUAji 6 • jl Aj's/l— OJA *& 3 yj JaI y>- ^-lo-l Jj 


f jl? AijjA 4b £>jjjx uLnUu jl ^1 <b$*j 

: Ji3 J* J- 1 OJ^oL—U^» j! J J2 >Aj £_j-U^a Jjj lSJ. 

0 ^ A * (Jl— hj\jZ> ji (_jl jf- JLJU) lJn 2L>- A».i ^1 jA j ol Jajl j— _ 
t j^> Y * LjJl aL^ Li t ^xa Y Y • LjJly'V t t—SJ* jl sj ^o.... — — 

Uj y^>yS t (JjlJ«—Lj olj^A jl 2 £7J~* ^0 aJJ t ^jJLa Y j * JjI (J Js 

• J> ,_JU* Y * J Y » Jai Aj (jl* ^JjJjl j* \ * * * J^l> j Y £) * J^A- <J 

jbjJ T * • • • O^...J J c-w<l Y Vil CJjji Aj <jj A_JUl jj ^y>) c5j3-^* a) jJ — 

c-pL> Y * * •) jSj» j L , *T T • • Aj'ilLji jLS - y> • ( * j .^;jJ >—4j -j ^il jp 

* / * Y Q.^.j Aj <JU*L> ji jAJ T • Jiijjlf <w* j~£L* k 0 ^" O-f-l—“yA f-ljl Aj ^ 6 * J 

* j j c>*j (cif) t-jijjM- jl j J . U: * * 

. o»- ^ l o^j jV^ T*^0 ^ ^A* JL^. jj jUiJ 




JL- ji jtji 9 • • k 








*/* V ^ 


f* j* ->* jW>> '/& 


j4j-> */' * jl5" J^« ji Jiy^ <■ Jjl 

^-» j > ji jLo * / * 'fV c jfc k k oVf j^-iU 

Oljj-kJu 

yyyj^-> V •* <z*±y 

T* J* J* Y uTi^ (jL* J <yjj 

o _ y ^ A a-j^a 
LjJlyM <0 Js^jjk* ^LaOJ> C*^" 




i_^j jLo ^ * 


.r 4 y J J ' / * 


/VU;/ 



A & 


k - j! I_r^ *j - f '}~ 

^LucLk Ajjytb 


( jl^jb y» jj 4 w^a) 

( JljUo) 

jLj ^ jiJ lLo 

jjb 


C^ 1 

UA 

* /£ • 

Y£ * 

r* 

WyV 

f. 

V* 

Y • 

r* 

jj&jS 

YC 

6* 

*/~ 

iJs- 

O^L-aJ! 

*/V 

ra 

V * Y 

JJU- 

4r=rj>- 


Y A»/V 


jLji f'T/X (-W 5 jj T * ) j ^ jj Y &) ^L o y& 

jbiTff 


jLoj Y f "/AA 
jLlo Y/AA 
J L i >T\ / Vf 


AiVL m (Jjlft Aiiyfb 

Y W A-’-i-d J JL^J.2 \ * p-lLwI^j) 4j [.Ajm,* 4j^yL^ 

^yj U ^ >- ^ AW ^ t !.■■■■ ■ ■ ^ ] 1 i ^ 

e*^ 

( ^ Ufc Ajjjja J^jj: \ £ L? JL^ ^ *) 


\ & lJ ^ 1 ^ j Jl>-j2> aS" juMjj\j*oY"' /VP oJlaLl®<5* 

. kV—*1 (jjljb4jJ^A JL^J^ 





tH 




iSji\ '*3** Jc^ ^ or* jyj) *J M ->■> *& ur* s,> ^ cri^frV j J- 5 —r - yd 

. O.. ^jJLj d)L^«i La 4_JLj j yj a aIaX ^ jj ( j^JjjJL*a OoIJ-a j—^ d)^_^-> ( j-jlj ^ 2iL>- 

. C—»1 flwL_l ol } jLU JCJJ^li 4j aS - lf£L>- <j^^1 £- jqJ) O — Y) 


jl Jub jL>-VLj <. -L»iL t _y« j LjS^Ip- ^ j^Li <_->\ aS ^j1 aj a>- y L 

B *y (|i< 2 - 3%) ^S ^jZS tj JjLi iiL« LfS'Ui- jA y . ajZ ^jl>- ^,>^1*— <jL$JL^>- yJ? 

oijij C$La4jN OljSy+l Lj f\y aS Jj| iy _U( y^ y^A Ji*~* i _ f tS oj J 

. jLiL ijU- 


j ^JLJLj j ^.1..^ }J—^J Lj J yr^J d).> y vjl —o ^J-b A> i3L>- ^3eu^y k_M jJL-t £*•»>- 

iyu L i> i ^Lj j t ^ JaLaj >—•'I cjj j> ./? ji . »r ■ »*>l d)l ^jI^^aLi 

oJL-i 4j Jslii ^jl y k_ji jjjj C-J 1 j-~* t oa-Loi sxS’ljj Ij i3L>- ^.,,.11 LfJb y£ ^1 j.s 

.> ^ft-i ^LaI^ i y- Aji y^- AS* j'y C«—^ JaLaj j.) >u . JcS < y IJLj L^~ 

• c~>-L *y jyj » Ji^ j' c5^«j'*^ 1 L: jl^"^ Ij JCL. ^1 . ^ 


i -Lil_j iLj ^5*Jjjlj oJ-i . JJjb cJL>-j ^«l ^1 ji j-j j oJLi 

^ula—»jj <jl j! j •^-aI^'j i—‘I ^Uj jj^A-Lwo j L>- 4j j^L* y*z*jjtj t^L^iS" * j 



AA 


^ J l>" t-J U * J J CJ j <J AS -L> La ^jA L iJ L>- 


'■■•'■* v ' ./,■ i \ - -\‘ f • y„H -ivi ;tJv ^ \ <>j 
a*s ' jj. jju- -; ’ ''••> ■%. i <-®r '.►lV*?;- ;iv 

.diitesMs 


- 30 cm 


___- -tik*-— ~.— 


-120 cm -=^ 


ell> cL i r j * * *} (^ — Y" jebJL) 


JyL 

±~ji* jUii-L 
jjk 

L j»5”! jiA Aj*i 


a-!j! p£ ^jjjj ijk 
A;*5/ Cwl ,jSb L Aiili 
jly >J O JaUi 

. j-iL aJ jT 


a^ LaJku l }jy* Lfr l^- jL *—^ L ^y—-5" e j (_£Lfr ^^ ^^LSj k 

^ • ijX> Jv»_t- ji jjj jk_® * / Y jl j * o ^ ^yX»JjjJ-~-fr | k*jlJc* L i)L>- jl a.? ijb 

^(Lb yi\jj ■y*-£’ J- -5__^Ai .^jIS jjy AjN ^1 jS I . -k*L AL-ib J^>-j iJl>- jl (jj^JLa 

cXT^*t^y—^ °3 Jj'®-"-* ^g L ^- o . . Z —■ ^ ji jljj^ J_iL AJLib ^Lb ^^ZjLb \ • ‘ L A * 

Juj^i Akil jS jS SyJL ^jlAj'if L jJ a 1 — * J.i -LL L^JLS” B j Oj J-BS ^jjl J-> . J JattJ BjLiL.*r1 

. jJjjLj j^fL y .-.. i <>-j> !j ^yj b— jI ^ln..■ -LIlj j v* alj^5* j^j-L tt.fr j! L^jT aI^^U j 


Ailill U 1 — IT 

J u^-~“ J* lt~-^®j l^W—*JJ j' i_^! (Bedding) ^jL-^i —j 

_ i J& Aj j BjLjl (jLj_>-Aj y~*J ^ia— I jl W>1 ,tt ~ — ...,«I jJ . C——I I 'ybyA I^y\y& J 1— <! 

*£ ^j* ‘-rrr® l5 jy* ^yf j '- J J^r e ‘ “i • ** jy“ c5 W**^” a j 

JLi yj -1 <ci jS ttjUp Lfrjk—J jS\ J yA-A -iaa^ j-Z> ji . -LLj i-L*5 y>- 1 ^ --— o j i-j y? Aj JjljJL i— jT 

ej_-jl5L« jjy ijiS jiaj jl (jjLfr L*JLw« _L^ jjL»«j N * jl kjl_J L^jT ^y» y£* 

ci-pl) jb i— .. j _- * L (_jl A_._ 5 ^ \Cyjy^a 4j i.,*- j..>- jl . -L-iL A_) j-*0 Aj Oj j A- d 

^Vej^^.j(Y-T)^ . (^r*L- Y*)cb/ 











. jbb Jul oJL^v ^jL** ...' <5*!j 

Jjj-J' ^ j'jj u o-iS" _^j <S c .—-I j ^—-L> y -~> ^jL. y —; 

^jl ^UjI . ^jlSej 'jljj ^,\j3 

f . J-iL l~—J cJUl? kS^j L ^jS (_$ j?? <-£j ojlju! <u 

c -*- < aj y*>-\y£j *—-*■■- Julj L^JljlS^ aaI j->- <jy[j>S tS^y y* ^ ^ 

{ j^> yy? j Au^j cjjc~»i a> LjJUli’ j-a*- ijl_^» ji jc_iL Aj^ib j>- aJujU 
jljj^- ij-plj lj -L—<lj J*~ A> ; ■■■* 1 (jJ-S" l — ■*•* (jjl jb !_}■>■ >—■*-iJ y&i J Cll i_5^ J ‘--•'““ ,5 Aj 

•ijj il>j il-L*J \jjj . ci—-I jJ^-iwo jL~j LjJUL? ^jA c~» y- j (_gjU ji . n»— jT 

j IgJULS' y*-\~* j -P cJb C^ - j j-*' j-il • o-ib jj <^iLj *yy> j 

■ 3 jb- *^y> J^> ^ lj j^-r- (ji' aS" c,—. 1 J*!y> jl 

ok^ ^ 

- aL— yAj ^»iL.. jU- 

l*y 

^-At-Ua* jLi L 


^•Hj A * »t* i lj L* jT i » J A Aii jJ? Aj ^ j i iiC #J (T ) JiLi 




jACf^ (VMM T- f 

(j~*j ^tia— jl all>^_4 c^Lf-blj' l; a 5 -Cl ej—1 J-S^U <J jLjJ j\ l ^» :. — —* y\ 

v-^Uljj c$JJ^ C^~ AA*i »J . -U-iL ^ ij*-* jbw b>^gj ^jjl . -Lb jS sJi-JIJL>-I 

<-■- ; -* ^jI At • >biU ^ j 9 *" Aj jl C-JJi> j 

0=“* j 1^-- J ^ b L5jb-jl—J • c—.1 ^JJ J~i> j—*j ^Ja— ^0^ 

i3l_>- Ja>- >wi j_ia jJ jl j f» > » . t L j eij_S’ j_*i Ja^l -5 sj jl A—J jj ^j_b i ib pl*^>»jl 
L Aljo^»- 1 j jl A^” JuL* ^ ^Ij ^1 j£ \£s) Aj Jajl ^1 . 1 j*i e-Clj VLt i.T*o., i A; 





. Xj_j£ (Dead (urrow)<_ipUa» jLi 

rfr) Jf-t' *—i J d—« W -^4—*■ U iyoJ i jS t_dy ^y 0 D '—jl . 

^ * W J ' 3** J j-~* l/~ i ' [ -~* ^ J'V ij^ '—^' ^f 3 j* 'Vj-ww . XUJ J-»-£- ^r^" 6 j 

. ed™* sili (J^JLj ®j ^ La w->I J^-1 j J J (Y* ^ ) ^JSwi ji . Owd 

^ycx hjJ" (jif 6j ^jLS a£m ^ --Y—V 




t^A-B 


► H 


* 

J 

'} 


k- 


■ • ■ i ii 

** jj* J J JJt* dk-*^0“" ■ 


1 " 


l - i >J J J 1 L> "r 1 ^ *Z tFikjj'j 

ddU^ lt^O ijL* 


J' 

*> 

j 

•5 

U !JJ J# 


4 4 4 


10 - 30 m 
y—i tkj* 


"tit ' ' 

-l-LJ-J—Ldj_ 


j J j JJ-> J*v« 


'5 m 



■j J Lrt ! 


«J^j (_A JJ (f-f) J^-i 


AJjAf {j^gdjf jl ivkw : tairt 


A*lii j J~* j ^Jo-* ji *S if* ^y* eijpj jlS” jly* ji I ' Jjjl 

4j ^5l d_»y*i ^^y* ^y.i.Sk ^ j*> 4j lj 4jL^1d^- Jyi» 4j LgJ.Sy^ _)l . d^lj 


100 -300 m I 100 - 300 m 







3** p- 5 » j - f j l +r J~** 




>—jJSji ^jJ|l J-i J“^r* -bjl j—* J ^ll>" ^ •ij-i ^y -1*1 —.a A_?-jj ( T — T) 

J'-*i 1 J/JV Jrb jrcd^ >> J a j yrb ^-i a5 XS" ^ 

lij'y j' j->-' • ■>>*- «' s J ri J^jj-lj (*-* J 1^0— ^-150 (*> 

Aii^-^ ji* V * jJXjJUA jl L$jl 4 1 . x? ti j ^~* * / V j ij JL>- lAj_gj Jjjl ^_j^P . i J-..—<I «■,)..* a3ld ~• v1 
l^JL? a j <| (—'1 j-JLl -ijlj . XjL*j S' a j lj j jjj (^LjjI ■*- J b’’ A« uij*~ ^ ^ j~“ ^ 

1 j .t S' a j i—.<T . ^ ^ o j j_s<2 4 *£_?~-«; jij OIj j->- c$l 0 jl-Ajl lj j t y^ ln - * jLy*- ( jl 

ij£ JpLu jl *S jl L j i jJL^^~*j a— il»- jl L j"t j~~* *S j j-i ^y ^^j!j 

^ ut^jV *i ^ J *jU <S J 3 ^ *d ^ v 1 0 jyj * J 3 . 

. Jbl ^ jl j& {jy*J A—il^- ji 

^LjJb^ j*j+jpM\jj£ «j JjL ^jy cjlfcAj? tfbj J*5i (^--- ji' 

oc-*j C^ - '^->y~ p if- s?*->* • ^ -rj (jJ-*-*- j' ^ ^y b 

. ‘ * - a^-1 - -Lfcl <J»-1j_» (JlSjil L ij ^ jjjl .1 J? ol ,l« P A.J i °J 

Jjj-i ^y J^A 4j ^jlS «j ^1 aj^J 3l^ 'j\ ijz* j ^wP 4J*^ *3 

^jJL 5 a j « - _ >.. \> AjLL* a jl Jjl lj ^ —■■■_,. ^ ■ ■> ^y |«£U«U ijUb^i 

^1? L» C-a— j ji . 0^*1 e^_*i eilj jLLi (Y — T ) ^^SLi ji aS C-~»l (_#*r“ jjiJ 
‘ ~ ■ j *^- ji ^Ja~< J^-Jj>i—»A . -1J- 5 jj ^f - d)l jl -CiljJLj ■* l—* JLij-»i (Jl»iljL>-l 

. JuLj Ijlj (jLy^- i _ J i>-lj 4 j (»^1 lj ^^ ^j-ij <yy*~ l* i+* 



jW JjUj*£ tS+A : w 

•JL-i ob jLU (d-'f)j (Y-t) pjL_- jjl 

Jl— wwJ *(_J j _ a J ji p-A J -Cjl-A J jl j_ttA 4 ^Jra'—a Ll . — < A_? Jj—l ^ 4JL-i jL5 4j 

I j « (1)1 jj (_yj /v—• j j 1 _^—J A~<5 j L *S ^jjl *J 4->-jJ L . JJ-iL ^y jl_^-*>li 

lj ^Jp jL*_a A—S' L ^-p\yt AJ 4 ^^;J—*A ^ jl J_a l—4 O-i j£ jJbJ ji l ^ ... ‘T a j J j—P j^l^ 
^jijj L ^jjl ^^-LS" ojUL . Xti (—il_i«-iil 4 J_*il —j jjjl—~J > 4 —'l—L »—p ^L>»j1 

Ifj' c5jj jl ^y (_yj jd'ji^ ai^I— j^ajjp j j-^-^ ^ ji' j- 5 
















3*-* ^*5 S"»j ,jj 






4J>L— *& JUS"l_jI>*jI j (_£JJL j j ,05^ <>-(£ —T) ^(S-t 4 j ^1 

* ^ | - 
• ^Tr 5 J'j* 

• *£ c~-“l \j >-1 Jili ^^ifljl j~> jjS jj* (_£ j\y> aSL-I 

■ |_5^*JjdJ I*-® OiL 41—IJ jLj ^> «la .u °J ^ j*-® ^ j J-» — 

- OiLj jjjjjl^a! ^3 Jj'Vj Aj APjJji £-L— jJ ^L»- ^L^ijL*- - 
. {£jjj\*LS O [■ 1 O P ^L>«jl j| £jL» U j^J a£ JuiL j_£j jjo cl^pljj _ 

aL^I>- iil>- L LfcOjl ^>-^_j J 41#clJjJk —7 i)L>- ^Uljj*- ■ ' « -^j ^jjl ji 

. JL— b 41—li J>aPV( i ^Ijj- Lfc J^> JULi jljJ 

ji- ^Ji '-Vfr’i-Sj'^J 1 

o"/l^— — L« ^jl— j j^jlJI j— I j OJj jlSLal (Culvert) ^^i^-L— L k——l— ^IaLj*- ji 

• »J <_#•* r* 1 ^ 

^,t ,» jl yy o—l cJcJi ojL l)L— CH ) ji a S jJl? ^JjI# ^jl y jjjIa j^> a£L— 

l»o— ^1 j-5 • b*^rfr* j' ^ oYl^-il* jTjj a S JuiL^ 

■ ^y^ <_f “^ 6 j —lb#* jI ^1 ^aj J Oj y^ ^Jvla.-7 ^^JLT oj L ji 


jjJ Jfli i^jl^c 4&«i . £ 

jL>«jI 4_PjJj* ^la — jJ J jlj" 4 p * ■■■ ; ■* ^jjl ji O-i A^i? A_S” jL»-fc 

Lt^°j ^ ia ^' -^L^j ^_g* JJ-r* W'^ 3^ J*! oVl^j— L« j ij* 

. -i-jl-°.‘i l-i^ '*'Lj»- l*j g ‘ k *jL. ltljTi i J It i ^ L- * i1 .' 1 ®j g'* 


(Cross slope ditch system) jL§it iS*m . d 

(*-* WVj Lti'j- 5 • , ^-- 1 'fW ^^cT* l ^"' crfW-Vij^ (*-0— ,jit 

. jjU^^L^L- ojj-? aj^j^Jo— J j>AS' uJ jl ( *jk joS' ( _ 5 ^c~*>-lj^iU^I —iLljj 

L j Lfcjjlj ^. 1 . „ ..^. ? ,..»i ^1 ji . eJ>l_JL— £j-*aj 4j ^jj ji OjL-P Aj 

a . 1- —^ t jl Aj Q...-.» l cjljpul L L i j I l Lp s—-i O-p- L5jjj'-Li' ^UaiOuJ 

Lfcjjlj JJ——C- J (J—sij-i Aj 4_S” aL_— j Aj ^y>ill ■ u i—l jljl— . JLij_— ^ 

T) ^|S\—) ^4 OoljUb (a JLlS Aj j e JL— Jl— jL>ul 



k r^‘; 


^\y) Y jl^ j ' /C jl y^-S - JjLJ ^^j ■« ^—r— jyj ^ j->-' 

^j'uj W --Jr *S y*-fyj J-5 ■ J—ilj Y L (^-'j. jULf 

jljj Jfc>jJa>- Lj (^jjjI — «~ S (_$l $ ao j a_£ jl L j .5 (^uLj^I Aj ^IjuI J_j1j Ij JCjb 




ajL^U . (^jLjL-d ji ^JJ.j aj) jjL>«j y • * * ^i5"l-i>- jl JjI _i Lfc 4jbl jj] aJL^U 

(*> jl ^ <u.li ^ j-j J 4 '.** ■ i ^-- 1 ^ * -V • L* Y • -r • jl U^J 

.’ jl juJjL* aS 1 .I..lb jj j^> 

. jj-i ^ Ja> ji jj l>jjjl aJL^U »Lilj *£ ill>- ijA> tji.-liij <l»«jI^>- _ 

. ^y* y > »—^l^ltl \^^y) ^*jy) aL* isli J 4 '-* lS i 4 s ’'^-j j - 

. cj j£ jLj lj Lfcj^;l aJl^>U jl^j t y JUlL (j~*J ‘-•’• i *' a^»oU>- - 

. }yi i jl4.r.l l Iaj^.1 aJL^Ij .1 j ■ ■ * -■'I *l^j ‘ j * ^^Jjlj CJjLi _^l — 

• CJ/ ^ U U j^jl jj JjL j y* o—JL5 jb^Lif ji 4j>ob>- _ 

. JS y ,J i-^Licjl J jj IJ 'y j*> ^ ^^ULf is ] y - 

-Lijb oJl~s*o j J_«-A jl aJL^Lj jj jJ-^»Ia-S" jrt^ ^ *^~y Ij 

. -Ajl iO— .5 Aj Ajjj»»j oij? j^ jL»^» C— *\ JL^j j 2 jS jSi o\ ^\jj j1jlL« jl yy^> 


yy^ 


jl$5l ^Um p (jil T-T-f 

ifSi# jJJb) 

^-i *Cl -=>- ji>l4j A— yi lj *S Jli^ lj jJ^ JjLj 0-—^1 1^ i y^~ 

^ ijj^y* j-V j-* • ■ 5 - 5 ‘r’^*- J ' ^ j' j^^H 

jjj-i ^ o^L* jy-* ^jy* 0 ^ cSjjj'—oNl l j r il* c-5o-^?- 

1 j jl JbL (jl^ 4 '^ l ^JA nlfl< A .» , 1 a* [P»Li Jj]p A_j **S ^ \ j..pLi j—~y l— 1 “l 

j*\ I jj\ ji y*j o«j ^ j-& 0| A t& y a_T (_$l Ajjjsj a * J l . o>j Jy^" (3-^ l ~ J ^ 

lj jl jl y iy *i y A1p^-I—» l 5^J L$JJ^ ^ Jail <L>oLj>- . Jjb oJl>-J 

OJ I ( JjJ\£*>. j joj%* l^Tjl ^i~U A_5T 0-^1— jyf- Jjlj 

■ J^y* ^y az>-L»* jy& '*jd*' J e ^y 1 ^y y <j~?“jyy 











A 


V-f J£A-h) 




1 



e 


JU Juir 


♦ 



Vj-j 




«U L . 


A- 




<*-T) J^i 


j±jj-£ k jjjJ -—j —*~ 4 w>V( j-—iL« L ^ !j j- 1_^ jJjU ^L*^—jj 

j^ L ^ oL. jS j-^ J—iL k^>-jj" ijj-p j$\ j c~>-L— j^jj$i^\j 

jLi j j La_j J * J * ls»w» (V~ T ) jj . j ^ wLaI^^- OuLiS 

(^Ijj:>) t_gjlJ j $ « jy ■ ^ly j —y ^~~ ^ ) < J5w P • k - l~~ i1 «-L-^ ajlj QLJLj 

/«• dJlaLL* 


u*^* - ok)? 

e—uU> *-■■>.- aS" ujL»jj *j^ 0 *y*~ y>- ^y^la—'*—<1 jljL» 

(*-*'./ 'j J»d 'CrrT CK*j yS £-®J J^’ <jd'y^ • ■ Li ^ ‘ c - , ' :> ^ '^ > } > *i J 

j~~4‘ -i»jlj—i Jyl <>■ y* . Jy»j ^IJ-»I ijjta ^jX.i k Oijl*«* ^-.k.'-kj *AjIj J 

Ij jl La j^j <L>jU k__-ab> ^oj\jJm ji . cj j£ y^kj 'J ^j+* <Ltfli jljj^ 


• jy >* ^ * * 



3** r> jr $0 - r jW-t 


<w 


v . lJ!) 



j+ 

j^(m) 015- 0 30 0-30 0-50 

1:6 1:10 



-WS/'T 


■>■ * wii" L (^j ) 



025-0-50 m 
2.0-2.5 m 
min. 1:10 



J^w.> Cjr) 


k-'I Ajjj £j’U 4 ^ 




5- 15 m 


jjS J4U j \d»jS J14—J (V-f) jS-i 

J” -1 -* ^ Jr-* <_*L) jlj-* Cr-^-3 i ^-*- J . l. 

^i.wi.> j 1 i^ c *iiw 1 j" ^ [j Ufj 1 «u juL j ^dj 

* ( L|J I J A* O'* 0 * 



- pi 


<iA 



jUw y**-[ LT* Ojji *j jjjSljj *iL . ^yilj,ji j£j+j (A—f) J^Ll 

« I x~*£ ^ oli 


(UbjL«i) lAjjii $lwl jl 6j 

(jl^i ^ ^Lfcjjli }\ p'l Lr *"^ 1 1 <_r ~^0 LS'-f-Jj j 1 

on <*y c ~~“^ La lsjj <- 5 W- : - c, 'jjj' j • ^ ,J - ;> '' °^'jj 

til—a.—.*1 ij^>» ‘—'I «j c5^ (_ 5 ^ ^ J-*-5 i C . t J ^jl i !j tl—^ ■«—iJjJj ji 

41-ili lj ^Jaj ij^» <—j!Sl Jk>- jj4l3 »-L<j (_5j«AjIj Lkjjlj c5^ ■ ^jS j* 

J Jr*J ■*JJ- 4 v-.*. ; -* 1 jJjI-JLa- jj-£- Jj^* *5"jl . -i-iL 

^ jjjLi^ jJaj jl . o—<i JL^ji * /Y6 L; * / Y i—*j^»U j -L^ji * / Y L * j N «—IiL<» 

i>Li ji 1 *j jl_i 4—S’ ijli yJx jix>- ix^ ijj ^ - ,,.^L J^-iL Vj-L l*jjLi a>- 





■ ■ - -1 J L^—J jL« Y * • 'u ^ (i * V . JJ j_5 t_d) k— 1 >1 jLtj>- J fljoi C ...,j ' a.l^-J-v-J 

JLtl jj jjli _ _L$-5l>- j3 ■ J y** 411jixi jj wLib j*> 5JL>- ( jJbb«y 0~JLili . 1..I... 1 1 

lj * jl *j ^jjl | -■ AjjjLj aj l,^51^ jl c^*~ y 4-S" ol »l■ / ?j^ Ij 

j lI-p-U L jb j ^ ' ol L '.___ - csa jv_- Ij jjli Jjjt? *XjI> jLj ^ 1 ^.. ■ • ji , joL»j ^J..». > »j 

jjjl j3 . OJj-£ kblo-S’ LO»l j (jl J^-C- 4 j ( ^ —T ) (J^-* 1 j! jljj j j l ri' J ^jjl J^j 

. C _ >1 *uLi eib k_aJL>«-4 ^l^U- ^IjJ jjl> Jjif J k_. ; .> ^jjj 4lajlj 

jA»- L^>1 jj jjo c- 45" 4 ^j j> ^1 $ <t-5 flj 4 I—j 4 j .ii_)l oUj^" 4 j L»jjli jJ^-b jj 45" ^jl 

Ji (J^ji j-> • Jtje jl J t5jj^^=r Jj-i <_r* 

• 33 $ ^jA OjI-Jl* 4j k_«JL>»-» (3 4 j < j — ~' j *& jj* 



{$) jfj li 


Jj ^ I J* jjli ^.«|>|I|* J kj jk -llJ IJjJ (^-“ ^) 


{&*j3 45 0—1 ^l*S"U- ^oj <£->_$ J*U jj>J>ww 

JILjI (Jj^b 4j «jL j3 a.d ^_jU1j j L el y*J> ^j — ~* J «JLlb» U»- 4 j Ljjl 4«-iL>- j3 jfj j-4^ 
J^l oJkL>- Jl jJ.iJL« J l l^5L>- 3y^ 4^ yJ y 4 ] ^ ...» ^jjl jl j*S (_gl jJ . Jblj ^^4 



^ j_*-j tAla l Aj llj Jl . J—a • ji A_Pjja ^L^Jb jS jjj_£ y c_* a—* Aj J ea—i sjy jjJ 

Jjlioa ^—£j d»..*1 .' ^ i -Lib iy>-J .ll y» Jyl i}2 jS jjJ jl£*l t *j ^Ifl «* Jj^av> 

. o^L- W JS^ aj (V-T) JSL: 


(Mole) A^y Oj ^I^aJwmam 1*— T 

i3L>^ £«Ja- Jjj jj V-*-^ -ia-y Aj (ij- 1 —OijcSW^.j-^ ,_^JJ Jd' 

J iS^y** *i J *- 1 J**j Jij> jl J^y ■ y ‘^■ij* 

o-X -1 ,,aZjt Ail .* ^LjJal Aj A^ aJj_L^ . 22 j£ ^*iLj»*jl Jj-^l y aJL .«j Aj Ol OZ~~l£ 

) * lj Ci ^ifti Aj JUj —1 jL>*jl JjJjI Aj A_S" ^yljJLijj , JukiAA-. j jj ,1 y lj J jj cl—il 
»j ^Jo—« jl JJ*_P- ■ JL-ib^yi j-~* Ia ) /& jl aJL^L* j aJjj j~~* 1 . 3 ^^" 

. d —<1 z*, ciiLa ? • Ij T • 


^jy^^y yd ^ 
^ ^ cS \y 3jj ^ j- 1 


i . Juib y cLj jJL» y (jlftj jl£”l y Aj jib aJJ? Q.U .*.^* (^IjJ 

I jiU j jl^ljJ k-£j C_-—> y /yl Aj . Call cl—pl~J jJ jZa J^yS 0 3j Jo- 

■ () * ~ T (J^-^) >AjUJ y&~ \j~‘y* Aj*}J 4 j j jl^* ) * 


*3if ej olJ^f 

JJ-—6- ^1^1* j3 i)L>- <j.Ji «S A I L m . O a y^J ij^y* (^l ^ m. ^ Aj >,1« • A < j-a 

t>»' A_i_J cSJj-^ J-A»' J-S j' A-S” jjb J~-aJ jl JjkTjLf 

jjji» t jJb»- C~f»- *-* ji JLiU oi y-j* c3*^ J *■ oJIL.—lil^- c^j j3 

Ajn*j 3 T& 1—ij-Jlj Ajjlj Jil jda** la A S ujI>«A.^ 3ljJL>l j3 j iy^ J 

Jblj—»1 J i)^j‘ J jjJ I — >«j| J — •! ^j| . 0 ) -T -5A — : —— £~i 3jl a 

A-l»lj Jbl jJI cl Sy~ y*-^ AJJoll>- Jj . ^y iilai- j ^^Jjj-L* clal-J-A c_—Jj-^ 

A w . 7 jjj j3 A^ t -L— 1 ^_; 3j—i AJLjL jf ^Ij-p^j Aj A^ jjl aJoAi Aj j 

J-Laj* Ol jlJJJ-)—cl— jIJc* ca ^—a j c3^i ^J—^y* °- > j «« * 'l—'I A.. 1 .J ysij* 






vj—•S ‘j ; 


.^b aa-I j ; • 1 aj 1 4 jL-l ij! <1 y*> tAj <? jj\? oL«-® t ^^1 yj yj k *^’ 

_uL y 1 JLS" sj<jJo*jk“ jj *j . J *j -L>^>- jS^- £ 3"^ JLiL j-U j* ijL>- 4>- jA 

j ^Uj jJ j_>->- J l 5 ^+-^J j jj J L lj .s yX XjI-U >-1 o*-* jij 1 

. jj-Jj d-jlj^ (jt J>-b aj k_jT 



/ n / 


-is - jx *,v 

xk-Vj*' W 


-° J* \S^S J jj» 

JL> j«Li ■■- < I 


— <J*Lr**i !>■* 


XX d)l» jii 

>j* 

^\+z£»j J>b 4 j ol cSj> (U-f) J$Li 


_LfJ ij*J j\-^-** <£ \£j^ 0 *i i v _ f -^j (j;L$_£L>- (w^-L» A . . ; AiV Jii’ ej 

j-aajV (jjL^JL?ej ji C-oji’j J —2 jJ a>«jLl>- . -Loj jj J^aji V* *j Jj!-t>- 

kji J&\ JliLa JU-Lj iil»- i^JLui% jjL -b>- *j (j yi y ki>l Ji _>-1 JLS" aj <£ yL+^Z jj) 

jJ a J—- jL>»jl ^LjJL? a j yy>>^A . JL - JL»l y>*j <jl Jjlj (^jL j w>l j a_L- Jj Jj y 

(_$!y jL.j yij+ h ■ X~S>\jyy>y> j j yi>y jj ejl j_*A 

. -L-L eJLi k_ 5 ^JL>- (_j 1 ajlju! Ij iit>- <S s^.— x » 1 (J yA>*A C..,.lbjj j\ yj li^j y* 1 y* 


gtf •] \jfirf S y 4 *^ • 

J J j '- 4 (_R/ M- j J £_h *■> i ~ * j Jji* 

0^ 1 aJui «JUkiJL< (^^*1 y“j L^lsi-) JajljJ , 0-^1 A * Ij Y * bjJL>- jl jlJli* 
A ...^ jj XI LfiJ^ ^ * Ij y*yA AjN ^jJkljlJ? L aJLj« ^$1 ^JLi jj kS 

. jj^W*jI jIa JL- Vt T jtk jlS” j 






jl J-Li JjJU— j oj'ijjJ ij-'jiJ ^la>-JC—jl aj C-5y>-0_jJb jJj'-lj jJ __>i 

AJ— O _jj T U * / ^ 2 iJ JL>- J J ^y-- — -J Jo L . J i |j£ y - 1 J Jla! ^>- 

jLjj ^LAj_^> ^jjJl J 4j La^ - i C .. . .— J y~~*j ^L , /a i * — ■» — i ‘~ -^ * jj 1^ « ~ 5 T aj t—■■» — . JLib 

OJ)jS j jj aJL— j k J ■kLL^* jjJb j~£j Aj jj-iA j'V (^LfL y JLoaJ! jJ^-* • Jj^iJ (^ 

JSLi j^LLa a 5 o—I jjJ ^ oJaiU*— JJy J>-b aj ^>• Y U ' -J 

Jjl J aIN ^Ljjwtjj —-’I jL^>- J eJ«i jAP- l j^S aj (^t* 4 w-1jIjJ 1— ( J-^ljj jj (^ T —T) 

J eJLi Olu^l ^j!iS aj j_jLa A_JLi1 y IJLjI jtf y ■ ■> .) ^;L>- (J" > '-'* J aJui La aJLj ijJ ^j1 

jJ-^ 1 y L j <jj jl_j-a La aJIjIjj . *Aj^— e J .~ w5 ~ l^ol ^ j y* ^" ® ajV 

U 01 iSjj ^ o—I sJlJi >—■ 6 J jl a^jIjj ^a . jj,_jA jl y jl * 

jjLaJ j j JO j j—“*-> JoL iJjI • *- Li ji «JjL^ j' c -—j'y lPj 5 

, Jl—L ^La ^ILa & U V j1 aJjAJ^J^^JU j^La Ajb ejljLil j ciy 



yS *J ^^A A »1< I jj I i Aj ^jtLy* aJ *V 


IF^ <«J d^» 

(_5~^ 8 j C. — il *^T y uTaj UjIj AjV a j jj a5 A^o 

f^y #j aSXcJ^ jpu aJ_j] l _ r i^S'aj c » .J o'jj' J t y > ^ 111 * - o'-’J OI^aj Ij 

J*ilj-- J jrfri bT ^jLtf! ^Lfi-Lfc jl l ^j*S 0—1 b.—) ^ 



■ ■ m I ' jSCo-n IfrL y (j'y b iJU- S' 0 ) A?j- • 0—k a 1 5" J X ; ills*- 

JJ-i ^J-L i)U>- _p eO_l .sL** ; i (jjL $£y j jj-i j j£~-ki ,Jlj Jjk ( _ f kS' e j 

‘-kkk ^t-gJk- ^ y £j>k ^LfJ'-S' ej -Lij k.ijr-i 

j j O-L-i yk—«kP k-pli (~Lw ^ j-Z~* V * Aj Jk V * jj ~Jk_iL> ^Liljj! 

• ■ > ’ > y <y -^ []J *~ -kl jJt 


&J$J ^l^D»i*yy*> T — f 

-Lk-a ^k —j I ^c-Aa— jjjjl j—k ^?k jl j ^LfS L >- ji jJj 4j (ji ^Jjj ,j;l ; . ? . S ' e J 
jdj ok-^ ^j~*- -k-“_v L-«~kS a j jjJ .ijlj -Ll a 5 ^1 l^jj . Jjj 

i l ^ ■'» ^ 6 J -il> *• ^ ^ « V ,. * »« l *-*>-v S ' ^ l .«■■»»> J ^L^k- j} c^S^ jj\ j 

^1|<4L~ .** jJ A>«J' AjLk j { ^ ^T — T <) aijAJ (aJj V® jj) ji-) 4 “ j J 5^* Aj 

lJ jjjf j Jj-i lt* (Irr - ^ o' 1 —^jTc-jT ol^,?- -Li ci^ /f- n -t- ^ jI$j' j i^JCja-lLj 

. JL^iL jl^ j\ v^sJj15 j\ Cm> I eJL* «*J ji jjJ^j ^ ^/k-AS - c—l 

aS" jT J^^-i Aj j j jS jr 1 ur^*" 1 _$-kjk J -L>!^1 aJjJ ,_j-i^ *j JL>-jJ 

(_v«_p j (i—i? ill—^-) ■L-ili o.L-i '■—,... —,j iiLs»- i i^yj ji^ J ^ > ^ j> a> Aj*V jjj jJ 

_l5o jjL»»j (-Lilj ^v*^ - ®j *— ••irti aS ) \ U ^ jl y~t ol Aj oJL~“j 

j ALiJl^ (_j* - _) JAj'i jl A^ J j-i C5^ aJLI jJ . (_LL? Y Aj) 

j^w—ok 4 (3<> ^ |*-5" OlA j (_k^ Lk 1 j-i e Jl «<ji i_a^ jjk jjH i3k»- A/ 

jj j-^ ^y ,jiJj Aj*V ji *—j! jL j>- C-Jj-iJ i-i-p-L j eJj^j j'jjjJ jk 

L y»»k-j iJl_>- III-..! ^k- a^ c—I j-k^U—>- Ju>j J\ jk^ . (\ f-T JSki) 

kl^>-i ^jI . —LiL jA ■/> j_jjL—«IjjJb*" ( t yL5” ej [[ _y^s- j^) i—af > AjV i3L>- *—jI jLl* j j j-5* j!^5 

OjI jlJLi* A S Aj Jj j£ Aj l ^• 15 '4j i£ t_f* j-*ji 

^Uj C ..-»,J’j jj! jJ t -L-iL y~>-l» j l5^ *—aS jj_aj Jjli diL^- jl* 

ok' j-f k'j— 1 *>ik J • er 4 t-r^J ^ J" 5 cP j- 4 -^ ’-jj—* iijy' 

ilbi jj.L.a L-j'OJI jJ kOla r?“ j'kL* j eJ-i i --Sli ^>_j 4 J Aj 

jkjl A^-^ jlJlL. . (jjj jJ jZ< T lj r }jj&- \ f — f ^Jki jJ ^Li») 5j *i k? AjV 

ejlojl okj^ Aj j »-5jJ iik»- ^k> J' A-iljjj jki-J (Jjl«^» L-j^-U C' -». - i j*-*J 



J** 6 -' oX 


rjW>- 


\ o 

• ^ Jj* ^Cjz^j l£ jjjlyj J^f j* ^ 0J-* jj jlT aL»-a> iJL>- OJuU-j jj 

J C-lli jj y .^jV^ jl? OJ-* Aj ^yxj a .M ^JL5 6 j Aj i—• •i jlj^>- ^jl >—*j' 

• (_r* jr^r*^ J jr~>. Jij* ^i 1 *i t_r^«j {j**** j - 5 


iiJi> iiL ji ^Uji yS *j ,J*«fc l ^ ^-T) J^_i 

_l~* j-i jjj j.i _pJ> i-~ J T £ Ij Y • Aj iJU*j1 i]U»- ^y>m]a~* Aj*V jl t— jI jL[jr>- 

J> J__>i j_yA jJ 01 ^ A . l il^j 4_X (_£jl J^t ^S\J JjJl_U& O-jl-L* A_£ SiS t»«jL>«jl j-*\ jjjl 

\ £> yb L* **Zj\jj A S ji . J_iL i jJL A-U!y ijlj *S J\ jlJX. iSj^j\yr 

C-jI-Ia , _JilJL^ JL-Jlb j --—* Y * L^l yP J_c- j oJ jj ^1J jjvj.i * .* j! j-—* T * Ij 

^Ukjjjji . j_iL jjjjJ lj \ JbL j j^r^jijj jl L a-IjI^J a? j^Ijj jj^JjjJLa 

ilU^- ^1 j C—ilj Juki j>»j -iju*"J jl -5j—i i_f* Ij y *S Jljl 

aS i* 1 —jiI ^J>)j . JuL ^t>L? jl ^jSjijjJ -A C^jljUk I_ -ij—A 3 J ej—J +-y£j>*j A^\y J>-b 

. J JJ Juki jPu Jui> iajlj-i jjjl jj A-ijIjj j^~ Oj~k J CuVT ^«»iL» jl o 

uJLa 55tajLcItXH d-r 

( _ f JLS^«j ^Ijl^ ^ w ^jI_)*I J «—aI jlj^- Joj jl i 3 l>- iajlj—i JJjS^ j,ifj j^iaJ* Aj 

. JjJ*ij ^b«jl J^Ij yj CjL»IjJI (,j~Aj jjj (_$l«jlXl Ij j) 

gf ji3 V f^JlA — uUI 

jJLiijjjk_^jjyk ^ y*^ y*\ ^j(Subsoiler) ^^jj jjaT jl^ jl 

• -^b*- AjN 








' -f 


c-jIaa L-fil jj 4_5 jL5«u iS^'j-i Cr'jij k p**— i 

a-i — JL- ? ilL>- J jJ ^jLa 4_*L> /*->*—-- ^ji jJ . C—o<l ^*5 4 j*^ j**\j J-*-* j£ ^j5—1 jj-i—J*> 

iiL>- <l)Ju» j 0I5U i O-L-i 4 t—S—5 O-pU U 4_i-j ^jl i^Sj_?- j j j—t 

ji ^a L ^^a j *xi j!j—- Li !■* 4*0 3^ l£^I*^*j ^j—*-*-* • (^ * ~T j5Li) 

0 * <L^U 4j ^Ijl5 jA 45 ocJ OUT ^Ijju ^5 b—> ^1 jj . -G ^ o.i .-L_5 5lL»- 

^ U Y il J-«J < _y- j L-n A * U 9 * y+A (^1 jj . xSy o-jliS" JJl o £ jl yi jl yt ^JL* 

»Jl*L—• ( 'i 0~ T) j£— ji 45 j jIp ‘j~aA . ijj ^4 jL5 4j i V0 4i ./>li 4j *L«_J 

L*4iJ 4JU»U ^1 ^jU; . i-L—I fc j.*ljl^ J^4-P J*} ji ^-l)l>- 0,-1- a oJpli 1 

. ^ j-i pjj y*]a~* Aj'y iil>- 4«i5 U H£y ^ ^ti*.* LjjT jl5 lijJL>- 



^.VL iiJU jl ,y0t- 1 

Cr!_r<J ^ i 1 J **- 6 Jk* 2 
L-if 4 jV jl ^^iil 3 

k-if 4J V jO ^U-i j^O* 4 

^^Ja<M , i o^jLi AjV L j^ ^I^ ^ 


U jl oly t. ^J--*4JV (jlS'ij OjIXp-I 4 (_r“J y^'-^ L?'-f-^'- ; *‘ J* 

- 1 — U^S^i yj*-* jl-S" J-0-t- JjL i^jl jj . Zj£ yZJjj ^jA TjL? 

j ^>A-J jp <1 —j -i-i 4.5 J> Or^* <->'*■*' • J ^ 

. j jii i)l>- y>jbj lipij-i 

. ( JuiLj jXS 4>“ ji T • U T 0 jl d)3 4 jjI j 45 4j) JuiL ^JjLo j b—5 JuL <i-J 



r 5 tr* ® 3 - f jW>- J-" 


• V 


(_ 5 jUj jLj? j tjl j ~—1 jl ji ijL^- _j 5 " L® jLS jj a? i—jl ,_>«jl «ojlj Li jU j _5 La A*_j 

f Jy *J>y i ! b-^-^S (jl ji 'jjsbj iSjj-~> -UiL j~-»S jl Ajjlj j ow ^ . -U JJ-p 

j_iL (o^j) <! (\ <i—T) <i«_j J£\ . i jj jjb 


. oil Jlftl y- jtjljil jlj 


<pj«>i—' jT Jl* ( _ r i5oj fUwl JjJj iiU- jzjS {j JaPjtj o*\j^ j' oaliu-l 

jiLi L y* 3 yJU J>jj O C-f' J —* Aj i—*l ^ytLo-l I^JJ | ». ^ . * L 02 C—Ij3 jlj 

flail j-~» { _^y jj 1 _y>«ii3~« S '®j *j OjL jis' L oLaj-«-* . J—1L ,_j"**i jl jl ji -* 1 Tj'jlfl*- aj 

iJLjl J c-i)j J-ijij *-5 I ^Lj> j lS 'Ji Jrrr *jjdj 8 j • J j-^ 



jri^J 


I cj J -Lili oJ-i f J ^jjj Lj < _yba^ 


J-J (jl-S'oj Lj ffjJ . 1—it) fj lj Jai-j J C--' jJ-iLi 2 yL> 


. OjL*j Oj^jU Aj'V j2 lj i^>l ^jL>- jL^>- lj 2yi c jl t~. j| jib jl jl y L y 



jli *^J jfijij J AJ *L .. k j*j viili- jJ*L j my I { ^ 0-f ) j£-i 


j)fW pJbTjtf U jMk£ fijt/i mkmf 


ji' * 'y> Ij&.J* 1 - jd yj jl jli 

Q-i L « ..j^ ^‘A~> ~ j -lajl01 jj oj^Lf- . -*yb (jjLjil »_jl sy±& jL^>- d^Li 

Jtjljil si. pL jl *5" 4 _iiL iy..^j j_Jilj L y* eLi’ J_ij L aIxjI jji*S ilLji- j <_$o 

jl j-ljj jlj #j <—■Aj Lj eL^ l»ij i L^W^Lai-jJ . 22 

ijl j j J—i JJj <j j2 y ^>1 <S llj y a^JLj? J i_i jl jJI j k_j 


j r r?-*-* J' 


y\j2 <±j j 

. i-jL y y jL-«j J^*a j^l 





> « A 


jjT 3 )l . £ 


iiL>- 4j \j£- 

* Lr 1 


J <0 4-5^ jl Ij J jb fjT* ySlj 

u>,y~ P 


] uf u y~' 
y&.j^ J>\r; j^j\j . 2 


. <w--JjK^ d-plj j olji JJi-^ 

j ^\jj '—r i j» ^®ib y.j^r^ ^J^y. b W^*- :*~r s ^ j 1 j-* J ^ cri'i-* 1 

. jjb cuJb ^,-ltj jJ (FC/LPL) ^-jL- b«- 
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J- 5 • *^-*^iJ i> ^jj* LSW““^ a j jl lj ^ u *i*£*j 

jjiS” «j lw£j jl JaA* <J JU<rl ^jiS" 0 j J kC~>-!y^yJ| AS’j'jA ( jjS C j A^y U .~« («lwll ~j£-clA 

oiljj y\ I j--^ aj ^1-*1 j ^jyil jl c ^...^J (jjl_^»- Jiff ji <S jl 2y* 

4 jLJ»j . Jjjjj(_^* jlJb j-J ^ j£~~a jjisL* L 5Lfj">U?Li Uoiu j ( j~»«-ia-.1 _j 4 J^lb 

jl ^^JLol (_r*^°J • ^jAff^ZtA i _frj j>~ <u !j l^jl ^ Lw *£ c—-I ^jj\ #_L *a 

jl { jfi yAJ>- Aj . Jjb ^jA OiLjji Ita->l (_5 jbj jljLi_a J_J <UC-J j^a ^la.« 
. APjj-* (,5^^ lj j *^jy* ^ Jc*Li» j! ouLfrLftJl 


&iss 1-6 

. C.—«<l ^JS ej 4^wi ^Jy^A y -J ^ oJLaLJL* ( \ — 6 ) ,J^*i ji *>»j! 

. a £ ^jA {J Z£ a j *2^a Ji y j jUSU A • * • <1 *^y> jrf' >' 

cjLj (^xLj t _ f ‘—>) AiJa^i ^jfjjyj ^Li!>>- C*-AJy ^1— \ji *£y jA ^Jo 
l^UL? a jljJl . Ci>al y>- *ln4 1 iC .. . <>,.« 4j L^JUIS^ i jjb JCjL-a j C-—-I t>JLi 



jjlllfljl l_|JLjlS ^jb . ■> yji \J jJkj Jui_i> Aj ^rl_j J—J jl y~J J J~^ OUjl j.5 

- '- 1 -* 1 ^ a ‘ J-* 3 J- *S y y'^JJ 

V • ^1 Y • 0 jIi5La Y j! jJLaS jl (^YAj) ^vsljl oL*Jai jl *»50 y .iO*jI 

Oj y^A JlO £ 00j Y jt Y" J y*AJ ji A>- 01 J^Ua-* AxlaJ y> ^[^-b y~^ c j 1 (.f 4 j0£0» 

jcjL. c j^jO jl) ^jLvsl j^L^JUL? aJL.— j aj ^_i jl^>- 0 *-S0 jl cj! «Joj ^1 . jjj j j l y 

. $y*> y ijlj 01 Aj APj y ( j^S ej (wj| »j aS^ eJui j y*az**j> (j^iSO^ 5 ^ j^j Lr a^jj juis* 

jl jA wCj>- 0 jOS\A JUj> X>- Aj Jo^j t—<1 ej pi-lbj-* * Y A^jj Jaii (Y -C ) JSLi jj 

. C.—l oJlO ob 00 —j Xjb i y OjOjJ lj jll^vA 


ajj j -^ib'* 4 (_r^*j c£O$JL»0S’ (^Xj Oj >_ ..- S’^ 

./a t.» ^0^1 JOIS" Aj Lwiu~> r a^- ji a 1.,.«I ^2^-*-* Jajlj-i jiJ"* . Jjb apj j* 

, jLiO Ai«ib ^ y?j (JOIS" oj ^Uj y^_~ iul j .x~««0j Y JOl ?aj (jjjOi j ju^Jj 


l j->»— 0 A + 0 y>~ yj Aj Ij A_sJ? (_>• JbO Ijjjl ej (_£l* aSs.^^»- ljJo j i 

l ~r? 1 • - 1 Ore 4 j £xj cT’^U cS-^i (* : • — * » j/J ■ ( * :- ^ 

(jL^JUl^ A^-—i 01 jl j • ,_jA y,aJ>*^jt ^U«^l (jl|JL!l^ 0 Y aj»-j^ ^LflOb' ^j* l»iil 

■OajJj jJ . ^y L y**2~* A-li (_$jj L^jl j~~* j Y“ a^-jj aSOJ. j Y Aj^ji 

j ilU- <. c—SJL» jiaj jl ^?- J j 1 ^j*l jajJ j:»f» a-*j» jl aS" JJjb vjJ0»-j lS^^j ^1 ^ 


xiO 


i ^y **j'y y. •** *y>^ 


1-1-d 

s^O ol^J , 'Y/l jjlA" -J^O JA«Jl*»»j ^yO^>l ^ji^S" «j ... ,.■. aJLw<J Aj 0—• 0 

cj^jl* *-+e _p- «.^> jl - i jj jjt*0 • *iOtO Ja. : .~< jJjjU_»a Ja-Ij 

Sf_^«AA . J^Jj A_UjJij jJ jl j_>m_A l jLO« |_^>I OJ jl ^jjlAj ^Oj jl C» , I>Y-~^*J JL.0 -L-iO 

l _f^ * j Aj O—<1 JbJiO flJLi £ilj l_$ I <-*0y>- jJ aS" ( j--A j AjJo» l50j ijZS *j 

JbO J y*t ^y--^ 6 J jiji^ **~Ay>- (^VO C.,<■.- ♦ jxAJ JLJjO j\y ^ 1 a . JLlOi <*&y>- 01 ^L*«» 

#j o..w J>j i yr)y~ *i. 0 j <JOSi»l j ^^J U ol JOIS^ jyy *£ *y~X <£> y\ aj 

yjj\ yJ*- aOJ C^jJUAj ^j]UaI #j . i jO»«J A>-lj<i ^JS> . t .i A 0 Ij C — **> (0—^ 0^^* 

i_$0^. : . 0 j> jj . >juy OTaj t a!: > »-* ^ l»AO_p- jjJ ty\*j I jiS\ j iy y. b ^O^-Sjj 





J-XJ—* Lb 1 "® ^ O^J y°jly y* L y -^ % — s ' L *'-^- s J o' “-’b'Oj J J 

Jjjl . X-ll ^.,.- j Ju JL>- j2 J J^JjX-A JjLfjXj f*-^ — — J -y^ — **' " 


jl ij yj> j 2 Lijlj *S Hj-f y* (Polder) jjJ y <0 ^U-lj-Ij J-5XJ o o>x« ^jx p-_. L; 

. JOl JLaI j>- ejlj ^~+py 

lj (j y^ y* 1J Afrj J-» X>- AS") jLO>\J*l \ * • jl y~^ e J (_>!»* A „S<9j^- j 

•>Lj Ub A-O j>- Jjjl Ca>«j ^W ..a j O—J J-5 ■ x? jb^Jb ^ • • • • • Jl JjUoa 

j- 1 ^- jc*j tyv^ fl j (*- : -~^ ^ ^J 1 - 5 Cy- ^ *-*>*- o~*— j Jj-^Nl Jp Jj c—.1 

JiX-» jJjj JXb X»-lj i-£j jl yy* J ^ ^ jl • XiL t . U o i_Sj*5 Jj j*« jj j2 

1 jJLk* Xj»- Jj JjI^J .i jo-j y~^ «j i^Lfo-J> O—*—*j (_$ J yj2jJ->*-A JoiL «JL-i J£-1 j 

V*. JS\J**- Ujl^Jb j * ••->•**■ Jiljls- jl Lr lS'e j (^Lp- Je j2 <jt*j O-*—i J 

L$Xj [*-—i Jj Jj-i lj>-l ,J>V aL-*J *i J-^' ^jji • 'X--! y*~* jl^-» 

. JulL AOilj iO»5jLJL» jl J-5 j^ ( _5^ <, J-X>- y*3*j lj XiL J-^-P JjJ j5 (^LaX>-Ij Aj (jl 


JLef JJ ej jm j $£JI T - 1 -6 

lyij • ^ - jLjj ^LjJlJLJ Ojj_o aj j/l ( _ # U’(^Lj—t-S'aj 

-/•»» jj b . Xil oxl Jll>- jOJLj j I_jl jljj jjjlL* Jliol (_jl y (_5^U<aI5l ^iu jl j yA y>J J jjjl 

Jajl yZ ji JaJu Ia aJ^! jl . JuiL ^y> Jlaj ijy> j -i JUlS^ ^J^lj jJ <ol <l~ty> ty>-i O-Jjli iajl yX 
Jjl y» Jjjl ^LaaJj^j . J_y—i fljLiO—al O—'I (.jZ^^yS (^LjJUL-J (^1 jJ j»-A (jO 
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/yl <S jjb jl « . * . -LjLo. ' . j yj jLj (_$i ^ ■ o jLj_>- U j>L>- 

ir - jjj ,j* Y a y- -»■-- 4^-L-i <u j k_i yj>Cj> ^ «_>-Li i j^l ^ c » ajop- "X-^ 

Jjl ^ <u j-Ujj \S^ T j Y a_>-L. i jji y-? ^y* Y A_>-L-i aj i_ilj_>«Jl 

^ ^ J-SjiJ Ajl>o jj j Y o^-Li ^^Liju*- J.} j«J Y Cjl*_i J-UjJ ( 1 J-Ujj) 

Laj-U y imA <1 JL*i ejl_>j <—<1 jl y <S ^yjy^js ji . Jul ( y» 2y>-j A_i ^j< a.I ll g — ■» jj T" sjL*—1 

pjN \lA jy^fi ^jjl j_jp j.5 . (AJjis (J>L® Aj>»JJ.S j\ 8 ^ ^ t - - —“I Li) -i y* ^y* aJL^o Ajl>- jj <i 

J ^^Ijl J sJ> yu •— iL>»j1 ^L>ua j^l * J-** o^\_A^vl i_.».i jl i_j 1 <„Jl>«j y ■ *■ • -I 

y -laulj-i .>y«j ^L-j^-jl jj>w* jljic- Aj jl jl jljii AS" Al«ib ij>“j j^l oLa^-jI 

. J—jL ^y» S_. ■ ■’ll* jl . j jLaj 

6j ^yJUJUJ j j^lA Xu? T- A 

. -ijjl aj ai~h1 j^U e. jI j li ^jj jl jj y» Ij iwj! »j 

J yjlj* <»— j JL * a fjbtjytSji aUjIj ^1 ji . aj£ ^1 j j>*>y j yj> j jLj Aj JuLj jT c<»<o jl 

. JjyZ lj>-l J { y>'\J*> jl ^jL jj JS e j A S' i jb ^yjlilxi ol j^i* 


1 -f-6 


ylfl-1 jl (^j+0yfi2- y^AA A>- J Jj A>-) ^yA *\jl jLs-Lv» l l*J yLS jl (^jL_j ji 

■ 15 •^ a ib iji'j J ■ -^--Lj 'jA { j*a±%^*A ^ Ifji jJ^aj jy*A (i ji>- (jl jl^ ti'+f' 0 j 

NLja aS'^^I jl jLj>“U»A; jl ji aS' . (Roman lawj^jj jyij L _±JJI 

j^l y A—? 1 y I J 1.^1 J_P Aj A_?-jj jj Ju IJ J y>- wjl 0 j JLfci ( y* 0 jL>»l Jjjb ( wjT j— -) 

-UjL«j 1*j jj-—*• Ij J AjU^-iJj ji Jjb i *■ j^Li L J 

^.n.jo iljL* ujI t ^jjl o—»-y* aj . (English law) J>£l>l jjjli L >...‘C< _4 _j 

(_5jL>- ^j-Aj ji ^yAjJu Ojj-^5 Aj A>j! j>- Aj t C.^^NL) 1>< y%A»ljl J «Jl«1 Aj ^y»> 

. -UjIaj AiUi»l j! Aj j~|f jW*^ ■ij-' ^y* 


jji, Aj A^ J Lf*-^ L5W0 (ji' 

^pJ» J . -US' I (^l.\ M <1.< ^ pl A->l ^ Jj ( 

— *~S <S 1 <» . c.« aj %jS jl 




N Y £ 


,1 




j' aS ) A.lrlJ ,1 Aj j a J-J 


J U&4jL>Ojj ^L>mjij^-^ Ljjl fij 


*1 ^ ' 
J 1 lSj^- 


Ll>5 jj! j» ~L—'j (jL-iU ) __£jj^»S' <ua-jaj u j ’uji 4 a^-IjjJ C—j ■ 


j j-i ^ ly>-' j ^-\ J& oJjj aL —j <> jJ c j J& l jlJL ^ oJ^o J _p^S j jLi^l jj 

. i r . *^ ~ j jA ejljl Ij jl jyiJL« aj ^Ijjl j! ^1 ap^qj**-* L j 


^l^UjLt T -r-6 


_ _ > ^^-A’ljl jl Lf'l a j -^Jjy 

4 iSjjj !■--..^ jl—j»-l—a> 1 jl -LJjI—p ^ Ai>i (_gl ^ >jjg o ^jl jj . 


OjI —a— « t—al l> «— • (_^La jyiS jj ^jjjlJL? 


0 ^>-«J ij J J J 0-L— 

-—' *_» >ol—* j 


(^- (*-* JJ- 5 jr^j'j J 1 LJ*J^ tajL-jL-J 




^ J Ojj—S Aj 

l j-~& Aj ^-O (_gl_jj ►is jl jl JL*_j A—S jl L j J~..j^j jjl^j Aj i ft lj Lfil a j ^»j j> 

J j-i alJ jpi £-iJ j iljjl jl J e,S J-^ (*-®l j* IJ J_yjj a j ^If-* L-5"j~i jj-—->itj OLaJaJL* 

a^j>-U jjl^L.jL. j Ijj j-i aJ^' jjjl (_$lx aJ j-*j jl . -Lj L^j oS"j-i l jAyts- jj Ij 

0-JjJ-L» (_jl A-^-Ij ^LjjLajI—< t ( Jul ^jA $J>~J Aj ^!L>»J aL—4 Aj ASj IJnj^aI ji a j 

jli—l&l jj 4_jl j^lfjUjL- lj J ^ jjljl^-l ^1 >-Li I j * “J ^**~ 11 1 - ^* Aj aj ) _LlLa jJ a jl 

i} jJJS Aj isjj^_» (^L*jl5 ^s\j> IJ-Lj LjjLa jl—— ^1 ■ ij-J lj (-Ujlj ^ ji <S) 

^ ej (_gl ^ >- J& jJ A—J^l AJL.—ft jl y-t' Aj _—. e\->- <Jl>- ji "^ -l ^ a “^*l ^ L^j 

. Jj jli O—JIaI 

A-.. j > - jj jl tlwjipl *S a^j-La ft ajo aI^.j^ Aj ,f) a j (_$l^>" Aj js^jj^ a^J jjSsJLi 

aI—- ajAj 'jj f-\ ., <j pl jl • iJ-~“ ajlil ^i—iL?Ol ^ »0 (_gL^J jh i _f* J - +& ^ * ** > ' ? »-* 

j <^j!il O^L^jJ fal— a£>\ j jj-La ol—Jbj- ji a^j-La oL-ft . JLjj-i ^w . « j 4l-JjJ 

4.1—jii aJ—i aib jLU ( ^ ^ — j) ji jl jl ^1 Aj^*j A^S” ij_>- ^jjLajL— OjL>- jjUxa lj 

. -LftJ Aabl JjlS - Aj jT Ij ^jjUoj* jL*jL-< j aJU j^^J 

(_$!■$■>• j-i 5 • e.LftLi-« j-z*S ojLSLlj -Lij JU- jj (JLa jj^-S ji 

J '—'I Ij J ^jljj 4 L^jjJ^"^' 4 “ J jljj^ LlJji Ij J i_^jJ_j ^j^JU aJ——'J Aj LJLp t _ J -i^ aj 

. Jj jlj OJUo jl ji jjj ^y-jg J.j a ?L ( jii»J J (jy* l^r^l J cS jlaif AjL»j-j (a ^-P J J J 3y. 














UV 




tfjij^cr-r-i 

aA oL >—j l y* j'jJ i jj-“ ^ -,rt < jj i-L*j aA OC«jL« _ <j «j>j_i 

^»_U JJj aj i-_-j j-J> j.A j£\ j i jb (K m ) jlJ^“ A jj jLy>- dl^-y« 

iJULT jl -lJly_l ^y* *S ^yl jl.i.d_a t Jbtj JAjJj Aj ^Li_a (JLilS^ Aj j J jS j .<w J (_5jlJL^^t 

JbL tl)Ly>- jlJLi* —»■> a5" lM JL>- . XS ^y* IJLo ^ILaL5 <~a+ai aj J-~> XS 

jljj s jtjj! a>- 17 <—«j j*p aS aJL— j ^jl j ijS f)j, ^j ySLJjjJ .-a i_ - > .. t 

jujL-. yLoi <_?Lfj'j'-S’ j ,j>j <■ (j'-P" 'J°J>y ^a***^ 

APjj_* J^b J Lf^5»j ^Jji^ J (Jjl-l-f £>J )**>■ Aj t-ikj~“ c—1 

ja\ ^1 aS J-b’ c-il j» j CJ^ Jutj jUjL-. J X*iL ^y —» C—-“-ijj-jL $*<>... i J Jj>- 

• £».^ ^ J Ijts* <1 

JbL jlj JJyj- L u^j (Jl_«iy> Jbjjy* L-$JLL_!S" AjJU j v_j& ji a^S ^jyA (_gl j i ifr OXS 

j <JU~0 L XS ^y t-Jj—<j JU15 jl.A^- jJ j eJ-i j! J jlj ^iJ-^ ^ y - b -* j (_$*i/ . ^ j-S* Oj y*p 

C-~»1 #J—i (jLjJULS’ . A-J_U*J jyLS" Ij jy % ^l —i JJ~A J.5 

aS c^-wxl LI** jl (_$L_gJL>LS^ <0 jib ^j -U«iL ajlAIjJ jL» j-..^ aj aj 

JjL-j (J 5 jjj (jifiub'jj jylaJ-* ^1 IAL-< jM 

o j ol ... ; Mib j LULLS' aj j~-A^ L i jA a_^j^ j-^ 1 ®^L>- j jl*1 j o~* j 

. ijS Ojyv» l—-i <; 
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03 £>LLu£ j Jjtfl 


jT j~>-\ Jj jle jl Ij O-J elj Alljl ej jl 

j a L .JL.jj jt «T.t« < y^£ e j ^. ji y*j 1 j wi| iljL* jl ^JilJ 

elj J~* i_}'^ * ! J * *^Lj~* • J^J-L O j j—js JjL A__S" ^yLJjjl 

✓ 

L 5jjjLl_S' oUL^p jj L j jj--^ j jl ejLo^d e^>«j l iljL* <^1 olj^*>- jl i5^rc^j^r 

^4 (_$ji Miiij3 • ^_j~“ ^■*■*^ 1 *-^' oj j o...^.l....•>- ji ij 

^jjl Aj \>y j-» aJLaj A-^ 1 . ,ijta JlJj Aj 1 j Jj-L>- j^L* AJjI j oL.^>..,clj 1 ^“*5 »j 

Oi? fjriyb tjT A-^j oLLp Aj j ej y jl.j.l ' .^.* j\S ji oL-_~«tj 

£jLLb£ 1 -f 

jl oU^I c~-l j.j*V ^ej jj ^A o*^~* ii'^: 

1 ^^ jl_7» ejLc—1 ijj* JyiC* ji Aj ole'll*! ^1 . J.J j£ <Jjj\ AaV»‘.* 

l y*J y J * j aJL~* _ (will 

Aj«Li^j j ^> A-^j _ *_J 



' wjiJ 


j s. j - 


\ TY 


*£ ^j\£ yJjl^^o ojU- o. -ai>-IxJ< yy~ ij ~"^ 4 j ^jl ««.„aJuLty>-ykjl 
* ''jdj <i^—* J^LiLfyjy jA . c-l <JL~oUjI ^jjJ.>J& y £\J* 

l y\^\ i»ji L ^ ^ J■ A> C)*JUi Jt—» c y ll««ol ^J o-* j^y NL) jT C. — .. &!■» j aiL~a 0J1P _ 

• (*y* J t5^fil £* J J ti jj' j^r j*.>- -:- -» j-> -^yrj 

.sljL *+S\ a5 ^1 e jji j <ylj1 j* <. -HI jly jjll <5" y^ olyl_ 

. (a jj* j oLl^-f- j j) jl jjl jl^j olyl i .Sjta ■^y'J ( y*j 

y J-^l>- J j> ^’ j' J ^yry cjU^I i_f^jj> y»J» j' <~Jjl LiU 

*■ *■ y ^J'y^r lS '-*>**-*• ■ -^'y- pj jJ ^jy yjUu ^y jrf' y 

^jj i (_^xJj j j.-j ciyy a > t y?jly- 6 jIjj- 5 lj ^j'if ol^^U»! Jdjly a j i 
i1ft a.sL>-j-......* <. yy j jl a.a U .. ; .<i| eye-j < iil>- k_AU>«_» -J t Jy»-y ^jlS" ej (^1* <tSw*i 

t^jj J-* wSU^ «jlj jji I J-> _y Jjd I J* iS ^ • -A*d> jl ji jty*j J-5 e jj* J (j y (^1^15 t el j 
yj 4j jLj 4 a Jrj’-< i_j| oj J.S j_p*il^ LlJl>0 U j lyyj y- j ^y 

■ -^jS j'y cr - ^ ^jy Ojjj ^ ^ yv-j j^-La <»5 

jl jl jU^l>- £ J^ J Ol^Jlloa ^LaJlia L^~.vj jj ^Ujjl jl J 

• jiJ-^ 


jlT AaU^ du^J 

^ jj_j <^»UL» jL« j*-* • ^ j$ i£jtJ j, i _|^‘ i^l _y. oly ^y * c^>-ldj< jl 

C-Jjj-La J (^jL^il - ^y L*^“l i yj t ^^IsLwXu* 0>LI C-^>-oUJUaa Jbl; 

ij j-a iSju j> j lS^ ji J jW*"— 4 ‘S , ^- | l- f, t>^ :, l j^l • ^ • — g- <; «jjy 

. JJ jSy> jlji e^li^l 

tA i>^>6 

jj 4 j J^-l y ^jjl . ^ jji y> ^l~=>jl <1>-y <i <i>- y Sf [ J^S a j 4j»JU6L4 

jT oLl? jl JbLJ >-I—I j .1^ ^4>- y J ti jj ^oLj j>- j olj«Jlla» j»S^I y j O. 



* 

• J r*j SJJ °-*l j'y ^ ^ cy .J-^ 

Cr^ 1 iJj • f^ 1 '-r-is'ijtJ JHj-* ®j 

t Jl> ^Uol j£jJ*+A jJ ^ ^ a -HJ L j k_»JL>- 1 J>-! y> ^1 jl ^y*-y O 


^>U«Va« AJlp/c -) 

OLs-^CpI i y»L*ly a£X) 2j-£ ,y*J Oj y~£> I_g j£ a jl-Xil L ^1 ji — 

• ^y* *5ljl c~>-U-i ^yjlji? < 3 sj jj j im j^ t _)y, ~* jL j i^-jA 


^LxUm Alfr)A — f 

: ji j^jLp ^ ^y> (jjjT^jls" o jj^o 4j ^j jJ j jy* o u , ^a1> I - 

. ^yJLS^ oj ^y L»JuL* - 

• 0^~* fl 'j J^- 'j (_^ aJIjI _ 

lj ^ : £ * * • * L ^jjJ ^jy* l 5!■* *—* ; g ~ ) ^^ bJj 02 jS" yaii—-—* - 

. (\ : \ * • • ■ 


tjJLdti iui iXryb-T 

l; 1 : 6 • * • • ^l* oii j o_u»Ic~. 2 <> <.+....> (jig-yjy ijiyy oLt^Ail _ 

\ jl 0 . ^1 OjLp JyJu ^jA ^L>»jl ^yLfcjt^ ■ ^ j2 J_ J* ^ • ^ * * * * 

^y/Lxly <jl jOj j a 2y oJJ j S ^Ai (_5~* j IflJ jl <0T (_£J"*'' ^ j 5 ?" ^ jjaj y* *^ljl - 

‘ ^^jjl J* JUtf J-i ^ * l—*Jy4j L> Ij 6JJy) ^jb*»^» J jl 

. C~»l olj oJLi 4 jIjI *yj£ Ij ®jj y *£ y>} oLj! — 


jlJ 2jy ^tAil 1 


^ l uw tj jjly AJlyjo - f 

■ L5Wr-'J^ ijd^ jl _ 

* jrgj C ^*_<«jj| J l—jl jA — 



. Cj y-^* o y**j aJIjI j j Ia o \a 

Jjl y ^jA A—*_J a!>-^ Ij Gl—*Jlla* oj ^ 4 s ^jji J j-^ A* G u 

v r ,a ^ *■ (>* w >--g^) j-* 4 —' J' ^j-* ®j L r ,A1 4- 4 j~^ ^ 4 -b“"j ^ 

IjljJ *j jl-G>- aL»- j-a ^y) lj jlS ^t?»jl ! .i^jJb ^La»jI ((_JiLvaX jI j yt\ ^j,/3.a GXa j t ^jjjLGS" 

^j'il C-ij (.*£ jy Lx.. — i <^l^>-j_L> jj) JL* uSvj j£_SlJL>- Ij oL* JL>- jl jl j J .. ; ■ * S’ 

Sx~*y jLS^ y>_} Gjlj jljJ “j'A-*' AGilj (_£Jjjljj G —ij Aj jLi ^jL§J gL*JUh pL»*jl ^Jj • Gw/I 
jl l $1*gc'j_-^w 4 jlj^ «-5 Oj^» jjLi-- jU-x^> L jji j l . ^ -^ a ^ g» jl j£ 

. Jujb gJUo 


tSjij j £jJ? T-9 

• ■ i j - *-' j *{ b ^y^y -^iV c5~^ 6 3 ij^b^ ->* 

AG I J ^S oj 4 —£y gIaGjI l ^jiS" 0 j j* "- ■ - ; »« j-i gL-G yA>~ — <GJ1 

*S {£>\y* ^y J 4 LgjT G-j^fis j aIgU j J^-f- 4 Ifr-LS'oj y —» y~t£ 4 AG-Jj 

. G-i Jjk y>- O y j\S Aj ^^0 ^>-L- jJ 

• *j* J (*—-r - 1 ^-^bj 1 (_r^b' j' lSj- 5 '^®^4 J . - V 

• ^^ GJa j ^L* ^jl~» li aJqjIj ji ^jl '£o j |Gm . « ejbl e yu i ^ J& G-j jjJui _ ^ 

e J>aj Aj ^Xmi s j tAiL* > UX .,»,...ft j^jJGA L 4?LjjI jJ t3 y^J^ 1 iS jb~^ 

jj IajXaIjLi ^Jj^Ijl* . g<»*> 1 LjjT yts- jl l^.t'T#j aJL^U *£ ol b j Jjb G 


. ij i^L>gI jl jjjjG^llx* olj L L* *yj£ j^. jl ^ ■i 


'jj 




CjJc ^Ul ^IAjUm T-f 

o^b jLGi ^^ Jituy JjL tj ji *S b>\jj (^~?) 


«JLl 


L> J-X.IG -L_)l jj Jjjl I^j G..~»l a^L-» U -^G ( \ —9 ) jJk (a) Jsuljj Oi£ jA>» . . b 

• ^ li-*-* ^ <J ‘^■ > ^ j-> j (^) ^bJ iJj *^jl J j-?* 

. Gw/I G jLg* t^LfGS’ a j j i _ # G* j yj ej i jja ji r-Jk> (_jLajL*a 



e] - i-W 


<3^^* \jf * jj ^ > *•—^ ^ b . * o-J-k^b»-.■ >~^5”' r ■ ■ *^ Jj JLx i ^L^jIjL Ijjj 

■>j'j drr^J *-f ji»L» jl b l$J^ Ji.k ^—'1 <J^ jl-^-S-* ,^>-1 jk >-3 JLp- 
• ^j-i^ v^*j'jj i^Jji^jy jbSbbU j-j> J jb^-bU <, ^b—J J J^S . i ^-i 

^yjb *->- b ^ L:- -j 1 j^w <5 c~— I ^1 ^^>0 jJp jLaji jLfjliLji kjl ^-0 jj 

. J j-i Ojjl 


tj—f *j 


i>oj* 


I (a) 


a" 1 *- 1 




._T~ J>lj li jJa-ji 


T 


(b) 


■UJ 


( - 


0-.. 

/ J, 1 

V ) 


$ j** Aii £ jiki jj -b Lj >1^ i j ^ j ^ *£ i_f^ ^ ^ !jj O ^) ^ p^n * * 1 


IjStkLd ijfaiS ©3-y 

Or'j ^k— j-J l5j^ ^ ^^ ‘ LSW-'-'^j 

^.j*! js~ <> <S C - -■/ 101 •• ji ^y*-!jk jL-jc* . c—! c -w -o -* ! ^JL>- jlT^ ^ j-*rj *4 
4^-j (jlf-lS 1 *j ^y-l^k jb^ 1 Oi' <c -^' • f-s!^ Orr-O j' cykj *>- lj ^Uil 

Jjjb^ C-*bjJ **jy» ^IfiS"ej jl *S ^1 jUi« (jbtft J jjZ&ijS (jbj^S’ej j C—-I 




u-Li - tj ^L» r j j ^J*> - fy* 


Zjb qIjU &-9 

^ <-*»'j'j-* 1 -^iW wA-i'j-^' jla-L_. ^jA 

jl..Lfl—* 4Jajlj • *• —- ~«' (3^1—-*» <j*VL-> b j <JUL» & 4_il jjj jl i*-^! l ^ ..^jljjIj jj J-* ji 

r • l: T • *^La e jjj <Sj j:> ^jJjU ob JJ>»; j <iy*s ^Jo jl £j-»j !j' j j ^-bjb 

(jjl 4j( T — ^) ji . JZjy£ Ij aJ.^L»- (_gl | -J^W« . Jjl <«1—<0 Aj aJL«* 

TA jljb aAi>-^L» ,jj1 ji a S (_£j J# Aj , C~<l tJL ■* t> j \ L,J 1 | y ■*-* * ^1 jl 

JUil y» ;jbjj! JL* jA jJ jb Ja~* j ji» Aj Juib jla ^yjLa ^ * jl jl j!-ijL» aS" (jl Alpl—a 

rjij Aj OU^ -_sb (JL-* j ji -Lib j-lJb-J b ^yl^a A j jl jljLL* <£ J>j ' * ') 

. (»Jb-i 6*1) i-b 

AJL-Jl . JjI*j 1>«j Ij jl -^jb ^jL-S eJ ^ ~ ■«■ ; ■* <S i-l—-I ^yl jLj {jlj ^1 J~ >u . ^j^_Ai 
l ^>.1 — j A-? Jlib o-A—i-> ^^Ajte jl aJj JLfcJ j_j (_£^j-L-L-i (^L^jljb -1—*1 ^j^aa 

J* J>J -^—1uiV'j'j jrr^ £yj ■ -V dj-*- <>J^ jfi' J 1 f - -. --* 

• (—JjJ-b !j jl jl ^_j*ib CjIjL^- -bb 



icL( f A (jl^Jljb ^yij (>Ijlj> (^-^) 




L _ r L5 tj OLl«-*■ j J j-gl - (J-* 1 * 


y* V C jl jl~Li* aS Ale’Ll Y A (jjL^jljb l?^ *Ai* *j y—-....-« *-Sb ^\ 

VC jl ^yj'- L i-* <5” Ij (_$1 *UpL^i YA jljb jk 2 >jj -LaI y>- jili ,+-1—._^ yil t U^ ^y»-l Jb 

( ► •■•- r 4 ‘ jrf' iS £j'j ^jl jl j -LbJ jl$_* -Lib J~> ^jL 4 

l _jb'* Y^C ji jl* jl jb O j j-*? ^jI jJ *5 -US' JyL? Ij J~» ^jJL* VC jl 

bJjIj OjL—^ > - j fl-L_i-J JjT 'A jljb jl-Li-* y*; A^ajlj . Jjl—« ^* ijlj al—^ j ^yw*j Aj ^yjL— j«- 
Jub ^jijl jjl a-LiJ J y bS »—'I jl-t i * 4^*-yk aS Jjj j j-ua J ( jjL>- . 0«^l aJL-_>«^ jl ■ —j 
, -Lib <CLili ( Y* — <obJL* aJojIj JbbjJL? ^y lJ—> ^jLjl jjl ^bw Oj Aj aijj Ojl—s- 


5, 15 Q r l 
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i 50C [- 


25 50 75 100 125 

(mm) >jbii J jiJ jljb jbi* 

(ji _^l ^Jtb O j b^ > j >iiw Jjj' jl^b lLuIj (Y~^ ) j^—i 


^-•—...^ *>-yk . C~--l jljb JJJ^ A> Ji 'J* £jl j Julc- aS ^y-iL* J&2 «-» Jb jl 

£»b* j yS" e-l—!b JyL^ tibfjljb ^r-jbC -Lib e-Li J» <y y &jy bjjljb (yb* 

jj jt <ylA *-LjJk l _r*“^" # j ,. 4 O-j Jb ^ijljjl b a 5 C—ilj jOj jJ Jbb Jj ijj -L»l_^>- y_..«o 

i_5b j^_i t—<iy«-ijl p. L . —_ ...* y>-lj-i> (_$l-Lb (_yUbj b Lljb ybj ■ -Lib^* ySjlj-il 
jj ‘ ^ — 1 lS jb** iji^° j' *-^ o—-I (y^bydLijI yuljb 

6-Li e^l J jUU (Y — f ) j ( \ — ?) (ybjJjJL>-jj «jb»* <0 (a 1 ..^ i) w 1 jJLIx* JL>- j^jjf LI- .O 4 j 

jj|jLj-l ^l> oj* (. c—1 j^r ji J*Li JS (_$U <j j* 4_S" jjw ^ jLiJ J5bi yjl . c—*1 

<->-y_* sXij J jCS jl p. : . „ .j Jjj jl*j ji aS (jjlflbj iSj&* j i_r^«j y : - ~; •* 

Jbb ^ Jk> jljb aS JIA i l jA jbii 4j»ai yjl . O—«l ^J-il-L^- A lIoai ji ( J5 (_$b* <j JA . 





\r a 

SyZ <ci 


TA ^LflljL ^jij ,y Ijly JL-^ j l ^ ) Jj-**' 


R 

opL*» t A <jl jL jljuu 

(j> i^L) 

( _ f ?'jJjL t ~. -C _}J •jj'J 

> R 

O (JL.) 

j-i *£ jIAaI 

y~j ^jJjL JL- 

c—1> R jl 


jj* l3^* 

© 

25 

0.5 

2.00 

0-25 

180.5 

50 

1.5 

0.67 

25-50 

1.33 

75 

3.5 

0.28 

50-75 

0.39 

100 

10.0 

0.10 

5-100 

0.18 

125 

50.0 

0.02 

100-125 

0.08 




> 124 

0.02 


. (T~?) c— tS jL ■“ ^ 

S 25 ^ AijL 1**jj j ^jjl jl Ij Y ji . ^jl^ a .lpL* T 1 A ’i AT \j . JL-< jj* ji — T 


<j . c««l jZ~a Yd 1 ; jA*& j .^^jCjL o*-i!j ^ A * / d jj iJll c 2 —wi mm 
. jj! j c—.1 D • ij T * 0*fjJ aS JjIj T— • fiV = \ ^TY 1 

Ow.j4j^Uj^yk*-dii;A5c---l ji\j> j*-*-* [Shj^ c/^ e j cS'-fr >_ J*j* 

a.i...1 ^^>-1(»Jl ....- & lj Y ji jL»<Jl .. 0 lj Y ^L j'^jl* ( j^i( .«il y ^ j]& < _? Jui 

jlj-* jLj l^jl ^l —1 *£ lj t_jiW^^L, A -5 J y Jjk\yi- jili ■■■•; /jL»- ■ -LiL 

*S .1 .ll> (^gj y» jajl^J* j£\ . J>«J JbJui (^L^JjL» <j jiLi JuLw 

1 j j jj^\j^j 1J (_$ jUf AjL* j~* jl y { _f* t ^£-l-j^j C> <J U -1—1L .ibj 0?*j 

^j-*-*-* isjlj-1 ji (jH*~i Ij *JL • ) * i^l+ljl> *Al») iy +j jj^-lji» jJJb-i-1 jIj j iS^y. 

. «AjLj a Ztl ^-laj jl I J iS^yT"^ O— Jl yj A*l ^ J lS^ ji 

y^\j (^UejjJ (jl^j (jl j .IS 0 j U A—iLL* Ji ®j ij\-P~ 

(_gL^ JL'T • j ji i3ij^ Os - *"* * (Jl— - Y lj N L ( j>Lj ji aJL—< ^ lj Y) jJ 

jj <*Jy J^-li lj '0 j j jy£ljS e j 4; 0-~J C—if jlj a jjl 

. (JL, 61 ' U, JLY 61 ; 6) 
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( f-9) J5Li 




^ ^j- 5 Oiy ^ ^IjL l5 A _£ej ji 

Jj Ja—I 4 JI O-Ll a 5 ^LjJljL <. jij (j-15 - oj Ji . C ~-1 Ojliu ->y-i 

Ojj1>j pbl ji i. J-JiL > jlj (J-^ 3 -* ^ s* * ij^jiJ j J (_5^ -3 J 1 * 

^i ri^ j dJL>- jj—i ^L-_-il iJL»pb j-a I j _l>- j^ Ljjj_iL 

Ta ij ^ T) e U/ ^LjjljL 1 i_A^ °j y*-)^ y~ 4 ^cf 4 


I Ju-A-1 J 


jtj <• *<i 3-*-j i J~y*jji'j I Jijb jl IjJ-o-A ,_ji5 «j <5wi 

*>j>» cgl »— S t j 45 c—-I ^y'jL 4 -; l -~ i ^ ji Lj5 ^1 J» j>*S) ^'j^y 

iljL* £jL>- k—jjuA ^yjlfcL*- J jl-> _ --* J-l • O—mI o J LJ» O jS ^OJ ji 

. j-iLi 'jSju oL*J y)j~i ^ o~«»l ^X>Ju y m j ,_jj1 t x-iL W.^ 





,-li o ’• j t. e I.. O* .i Las 


* L- • ,6 jg X-: ^Lr- 


•A, *,'..... 


' ■-V 5 ^JrTJ A J-** x) '“ 


JjL y a£ o—-> t «j < jl . ..i J,L- j! j— ^/XjL oL»j <-$1— ujX 

^iI*a»- L ooLai— '-#-'i £-^tj uL»j aS xiL ^jL^jIjL 1^ -bl- 1 J~ y*^ 1 

' (*^J XJ^ A^y l j^j Sfl <1 p- y) Xil C-t-ljj ejj^ 


41 jj<C jif Oj jl^bwni 

^A J V (^LjJUaJ jj Jj— Xb AS j j— t j ^gl fr O £^ia jJ A_? ^^>-1 

: jl XJjU S _;Ux>-! Aj ^yaJa— J ,^—jjJj 6 J _P { J>’*^ # j/<l ■ bb—1 *Xi 

. !>• ',■ ■■ • «“ j ~ 

. (tj) aaI (jL^a- yjj jl p l—w < Ob y> _ u 
<—Jx»«-a JaLi jj Xb <S (ys>j ^lra.» Aj O .- — ■- ' ) ^Lx»ul ^ia— (_gl ,|..a.i O » _ ^ 

Xl» A_S" l-X.-~._iI ^Ja— p^-tj b L* aJ^J j« c- (_j* A d (W) 6 J j * ^ ^ 

. (Ij (+J* Aj Q.-X LgXjT nj Alyjli —* 

UaJjJ J& j' Jyjji) •j lsUaSIX, ^di^* t J-at jj 

a>-. c~xl c-Li jJLi V J-ah jJ j— <jl Aj J» y.j~* s—3 Uxa a_aj o —I ai >jS jlji Li^>ua ^jy 

<1)1 (_gl> jl . — ^JL?1 O — 1 eJL> J L - S 'L t^JUa^ »1 )La JiL>»J aj j_gl aJ^J ^ 1 j ' - ^ tj \SJJ 

. Jjb Jl-U< jJ t j jLfjl ^jy j-J 

• JbJjLp X ^ ^aixJb* XL A5 ^jjLfc^Xls t>- ^jl jJ ! tj ^1. 

■ ! *-->. A J 

. (q)<wjt jiaj jl , x~—^ C-J^ J 

A_c- jy lS^ 4 • ** 6 j J- 5 xS - i^aT ^ jJX (W) tj ^s - r 

■ »J ^K= 

■tjIX Ll ...*! Oj a; LajLa^* j J Xl cXi <Xj»j T J-^a-t jJ ^ j <wdJl Jji y 


s—ibiu* Lglfc O jS yi a5 0—1 ]asi . iy ^1-^1 Ifil jJ yS < 


— L 


J .LS* 



\ *r 


”J O' 


OjiJ r.>- w r~ 




Cj i [_L>vj j Aj 0*7 ^yUlS" j ^.iUjaul Jaj jl 


Cjl? ^LfcjLw ^ Y-f 

*9,r*“ h ^ji ^y.i Lf^ cS^ iy~''s° <iSLajL-*-* j' 

dU»*j ^ J A jY (jl^Uai J-' 1 _y*~-^ 0 j (jU A_o- <_£ Jaj J (_,*!£■ y L-> • ^y* yrr" 

^jly (^1 e jL ji A^ ojlo yjl j <.. j-ll -> »-J L^J yt ji k-JU j2 jo yy»j . C. - -J 1 eJ-i 

I^»-1 Aj ,Jo*—* X ji jL> yJjl (^i jJ A? Jj.Lo- ^-ji> ,^jLo*j *~‘ *** ■ a -^—i s ^y J^S" Aj 

t-lde...jJ Aj »_JjL>«j y cS^Ljj Lj -^Tyj-l 
^JLjI—* jT ^jl 'jA G j oIJj&I <-.« ^ ^J lS^jG*_« i * .>lyxj j-^1 Lief¬ 
er Jb yloU-i j y L»JJL» A_L >-y ji ^Jiij^) IJJ -Lkly- ^ jV a!«5j (JL> <Mj' Y j*jjjT 0—»0 Aj 

. i JJ Aly- jt*^ J y-io- Aj j yf*-* La jUAj» ji ^yJlAJ (_gly 

'_j1o**Jj1 ji y3 j-jao- Aj . i^ j^j jiaj ji Ij (^jLjSJjl (_$Ia A_J>- AjIj ( Jo-I y* jdS\ ji £jJp 
jjiJLo-l Al... j j . J y -L»l y»- L$ ■■»,! j L^JULJ jLxjl b-U 1? y^ju JLjjI G A^ y.i 

. Jjjyi jU»—i Aj ^LajLa- 4 jl y>tJ j ^JUa_j> Aj A^~j1j 

jl y-i *& S y~> ^lojl (_£ jOAj Aj JjL • '•— “l jl |> ^ r «J ^^k» « jl j! aJL —» j ~-o A-*A jl 

j c .jal.j 1 i Aj Uj a£^ iy*~• ^i<* jijJ L$ ®J+J ^ J J-<* J a jl-5i Ij ji Ajjl ji 

6 jJU AL>-L-i j y»-l^ r l ? y _*>- Aj aS" 0^-1 jl jjl* } jSJ ^ a ^i-4X»^l yt Aj JUljjj^J 
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i -ij-iy «-ib jly J^jjij ji^ 3iJ* i* 1 J ji3 (_r^ 6 -3 

^Jo* j 1*y*ljLi ^rr! JJ 4-S" ■* bol 0^y ,y J *** j* AjJUa* ijy* jl. ; .—.< *& 0~*>! 

J>1 y>- $yrj I |o*... : .« *jj^ yl J* (Jjb— *-t— <^>-^-> yy*- *i ^ 

olio! w y*j y! j£y % y 1 ilbJ- f\y J& j! *S o— I y»oj> o !<j J »yj-* y i.i o—b 
o £ jl£ Aj *S j jlS'^L-l 4j j£ j j jb *y?j l* <■ .-^aj j j y j-** ^JU** £y 


<1 Oj!j 


^Lf 4 


IfrJ'dj^ALrii 1-V 

—• * * 

J (fl) jjii v' y J y l—!y y^ *j f.5^* < yly» 

yj lSLh • -^y (H) o-o J>- jljj j^Ajjj oT ^d*- o—l j\J *S J*+-* 

lS y ^® 4 4 y^b* j^-^-* (W) <e>jj-*y ®j iS^t* iS^ji ^jV 

Ij jAm^I gki jl( W _) H J-j . J J_* 4JLJ ,iaj j J l JL— jLfcly"- (^ . i -W J 

jl ojUoI j 1*y*l jL y I y—b U . (j^— 4ju»-1 ja \ ~V ^Jj>Li <j) . (h = W — H) <>jl— t j* 
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V- H -/ »j l£ '-^-' 


jjij 4 J (*■■*■ - *■?■"• i^ u> ^ lS l|u * jt*** t ^ ^ 


cJL>- jA J<• Aj—i <_*> _b“j J-> dJL>- jA (_ g\y LjJLf ej <L^»Lt J yjj 

jl •*.'5 aS - A^«i ^ jL?UjL» JjA . cJl>-jA dj*j* <S j* 'i- 1 J 

<;iiJ ^a L ^ t j jl Oj^ >i . -X-iU L jj1 -U* X< ^ j_*-p i3U- 

oU*j *j «j *_JiT jL^JtjLA^j—u .p C—Ji—ib jLt_d_* h J tiyi 

. vl—*! X Z*~ ‘ jA 



{ jlS’jb'U CJU) jj ^ 4 |»t.u... ja l +j£t) dL^ii v«Uw» jj? (Y-V) J£*i 

jl {j* jbi 4 j j jLS'jJL. cJU- 4 * j jA LJLp 

J_>*y W- i_r‘ c ***'^b' *Jj* oJ iS^j. *$ oi-^7 











ijij v' J.r - 5 JJ-*-* ^ V J-i » j o V 


C. 


J? _ U*aJ 


l ^ j'-j— 1 d—^ ;L^JjL» ^Jl$ (J *~p\ ■ i Huoghoudts. > 

■ -j-* o-ijj jlS” 4 j "4^ V 1 jj ji i_r~ri ‘S 3 4-1 Jr! * 


yT gU^ ^^S/l T-Y 


v_jl j' w Jp JeL>- . Aj vJx . 1 ^Jaj ji JkX«iL 4 IS S jly ^Co£j a £\j ^JS 0 aJ^J ji 

I j (T—V) ^ ^Sv~l Ajl^Jtw« ^JL?-1 4 .~ 6 oj ^1 aj k_jl oL;^<->‘ (_^ j-SvJi ojjl_K—f- aj L j 


*ib Jl*I 


J^- 


J ) J L J-®-^ (_f"f^* *** .! * ^ •-' * — * Aj ^j^Aj ^t] au~i j I w>I J yjj A_ 5 " > -J^j Jy Ju 

*_j! Aj I ; J^yj»- J e^jAJ f> CJ v 'j_^ Aj ^L— *\j~~£- Aj . c—I^jIaj 

jj j s-1 ■ .goL*Jk j.S IjJj! JLjJ « A iln .a ijl _j A^ jl jl j . Jjl— j jJj 


O ,!> Aj ^Zi l J Aj j ob ^~y*J I j {S ^J ji *• Aabl J ^y>- o5 j>- Aj Ij Aj 

_) AU ^ J_y>- Aj j^l Ojjb C-Jl>- jlj »> 1a j w.*l ^1 J J J ■ 1-Lj l ^ ^ aj 

ok# 1 G^>? 1 O o^-3 4-* W>! 0^_/^ iSj^^ . i J .«i ^ ^5a j J jlj 

;.^l . .^bDjLjh jjiLi* A_J ( A .j ^yl Aij«b . ^kLl^jl q(Jj? t 

33 jjl^y Y • Ij ^ * ^juL»- L, ,y*£' j-i) “^*3 •>■ lj Ju^s-o\jj^- jjj D j h L a_*jLL* jj 

4aW.ji j j jj Juki^pL*_t j*.?. .„i oljjjy JU-llj jj3jj j«-* Ij D j L (cJ-«* lh^'-U6-j 

-XJjIj i-^ jJj | - .... h *S O—‘1 J>j ^ j olyr 



ob* j/Ji ir-V) jsli 






. . ... t syu^s.j -ry~ j~*V 


\ f y 


iyj ^ 1 1 ‘ > 6 J C? '“ a ^ jiJ J* — L f!'ji LV ^ ^ ' 24 ^->" 

■j j~7 e j / D"\/ 2 = 0. 7 D ^ 7* f L*_J' <j tj>' j-i -1^ ijr c-U—i juyy 

j->' j-5 c-il i o—“■ *_)->- jL^>- J^ ! —*■ Udoj jA oliij jla_L* . * j*S ,_y jj j-i 
L ^j\ jl_il» j (h,) 1 _ J pU-i jIj ‘ (h h ) i^a* 1 y I jj jL c~»! t (h v ) y^ 

■ (h<J $*$ ^ ^ jj** 9 “JjJ 'U oViyr Ajjj j-> *£ 
h = h v + \ +h r +h t , 


jA^P h t . jIJLLo t^ri} «J-i fiilj (jUij (f- V ) ji jjl 

. ( J(sJb( Jajlj-i) O—“I oJLl J» 
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^ L (D v o-»L»w> “j roV jl (jjj j.s j©^>) q tx - *J 

i.—*1 o^jLp o j*\* '-^ a - 4> c/j^ ijjy\ o~>l t sjj£j (jjj j^7*) ^ 


h 


V 


qD v 

k 


O-Y) 




' TV 




! ’ I 


L J~~ — a jj~^ *“-~* | l ^yjL5 i. Jj— *~f- ijljyJ- jl jJ ;Lj iUl UJj_»' kl...»0 aj y i^j 

j ei i— . .u2j » e J l> L ~ i J^ i> r^"i~ J ' p .k u * j J^ jj 

(T-V JSCji jji j^ J- 1 ‘—'I £-k* jp^CjaI j 'J _p-Ajj~ J- jjl J j ‘—4 

jq= 10mm.day ^\y "%-t-* . c~J dJJUl l.:.._1 j_^_p jl^*- ^?l >a jhc-iljlJ-i * 

^Uj JaJLi h^ . Juki_ j_p^ ^ T Jaii h^ jIjlaa D v = 1 .0m j K = 0.5m. day 1 

-L-jL jL*w .iJt>' O-lJLli aS' ly JLa1^>- A>- 


^ ^ c v £\> - J-** 


^ okjf 

A_S" ^jl_4 yLajJ-j ji __>1 ^ I d.* kJ)^ljL>-l jl 0^*1 QjjI_., ,t - ^yiol jlj^-^- y! jJ> jli vul 

jLj_>- jJI J.J jl C-jl jj . (T-V J^Li) . Jj'l oJ-i l_/3 1 Qj i]ojtj Jp jJ 

• -^jjl 4j (tSd) d^-lj j*" *i lS^ j*^ ^ 3 - 4 - a , -^i jl Q x *V j-* oIjj I j 

. xiL ^ — L Cu«l «^b jLU (T—V) *£ jT ;i ^y*-? J L “ j 

o jljdl 4 j L h . jLJLi L h L >.i,.,. j j^L>- ^ _a_>l jlj^>- jl jj a_S^ I j L jl ^ ~ .a, ... i 

jl ^ kii ^(T-V) JSjiji . (L h =L- l.4D)JLiO^L jl 2(0.7D)=1.4D 

I L » " ■ -d jl jlJLi" C—“l e-L^ a^lj jl—j (Q x ) °J ^ JT~* 


dh 


Q x = K (^Lu ^k-X jU/) 

uri x ^ , 

! 1j 1 ^jloO^w<a j Jl^IIj ——— 1,3^^ ^ ^T"^ ^ jljjl 

^L- - = (^ w»*L>w>) x J* i-5j) 

I Ll J-iLl ^jA jt}ji >-• ** , 1 D h $f^jA *Z.Jjy*i> ^^Jo31 jLjJf j! ji *£ ^1 4j*y 1 


D, =D + T h 


= D h xl =D t 
dh , 

Q = KD. -1 

Vx h dx 


jl O .j C^jLfr tj kj j\s 4j (_jA*l j 


i$jj ^JjjL Oj aS - jlJ uL* Li kju^l y}j\ J^L"-i cJL>- ji i_5^*l j^j-^T - l— *y 

j JJ J* 1/21-b-".Vt (1/2L h - x) {^jjs jj- d_»-l j k5d) e jl Jjl Aj 





Q, - qi' i/2L, - x ! 


j*—SO j\jS ^dSo (JJjL^a \j jljJLo ji jj| A>uU>- 


dh 

KD h - = q( I/2L. - x) 

OX 

KD h dh, = q( )/2L (i — x)dx 

Jl j&\ x - ^ = \\ jX-(): h x = 0 ajjb- ^ lj aIjI*-. ^1 /l 

: *S c~ib 


4 J, 


•V 2 

o 


(L . / 2 - x )dx = Kl\ i "dh 
h n 0 


qL/ 


*V 8KD. 


(T-V) 


L h (J^1? ^L:—J dAj jl_JLt *xJ^L»—«x^jl 

dh /dx ^ 6j aJ^J ._JAj j jL j_>- Aj»- J> . 

j e-L-i |v5" jL |w ja J .* »j xJ ji OAj j JLi >-£2 j. 5 jj Ij Ijjj i JjIj ^jijl jjl 

w-—i dL;^- c —J ^ jV JjT jl Q x C-jU jldio a 5 jl 

. JCS IiJLj 


^jXU^ (yUjP 

aS fj\ aJjL*j« (_5jj jl J^ j _^ a O* Oj^si» Aj jlj^_>- aS" jJ jIj OjI 

. dd—1 ^ij Aj JjSJl* aLUji . JuT^y> 0—0 Aj 0—1 e.i^£ jlfdJLj (EmCSl) id—Jj! 

h = 4 — In — (V-V) 

r H n K u 

2 ifAj ^|jli Aj V Aj oj aJ^J Q. j «1 ifA Aj ^$ 2— j C—>1 (_£_jZ«l jlj uD f jJ jrfl 

a JJLfcJ jLij U , J^a AZJ j) ^Joj jJ D L ^jI^j LiD r jl dJL» (T — V) AjlJjo (_£.> jl^a . Jjb 

. C.—d aJ^J Aj |jlj^>- eJ—i 


2 J j-* . i l—-d ad-2i ejl i jl—JLi ( j~V ) J52J. jJ aj ^d jj\ (_gl jj U jjjlJLa 

a J_i 1 daj>«_a (^1^- Aj t U dj *-i <_«^aj A_U1 y jj^l^ j2 ^ 5* 






'■ f a 



• : 4j j. 




i 1 .*! JA* ^ 0 > T * Lgj! j& ji- »S l_A <ul/- ,> • - v-^ ,S jjfl_ A-Jlj' t .i 

• ^ r* (_r J ' L -' ^ " ! “ ^ ‘ 

^LS" e j aJ^J jj i_jI ^U . m jjS~*jij—' j.i A\ -- >_jj| Ij h | jb <.:Jt'. 

• J Jj^ — 0 4j ('f Jiw 



d Lji_« j J) i j '_fl-L— » ^o j^l j 3 f_L»i ,j-»^ b. >m (0 — V) 

iwil J^-fc ^b-«_t o j j 5—"^ O »LuUw pa‘ k,» n I kJjJ A^" ^ ,■ jJb dj ^ * J>I ^* b 

. ^ c~w I J-» Li" ^J Li Lj Li" j 1 4 JjJ j j 


AJ§J & kS^SJS ok& 

(_£^b j/ jl A. S ( «J^»J ^L>-l J Aj iji JjIj 5 La aJjJ jJJ J*^ ‘“"’I jj»-t jJ 

a 5" t h c. ~ to J-ftlj—jj_>-j jjjl oal ^ji.«a * o )y~0 (jl *—ilji’l J jj 3 

aJ^J ^b 5 "!- 5 \SjA 3 J *jl_^o jb-i j-5 t _j^i J 3 ^ jl (jl j!-l2L» 

jjjj ijLSjal *jb*— C- aJLjI jj jLijj k—^aJ . (? , — V .Ji>L_t) jl! i^wO A) -X-iLj oJ-j ,. -.^aj 

. AI»t IJL? jli (jl i]l>- jJ ’iJLP J Oj^J 
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aJjJA; 
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^jjj J^ 1 j 3 *jl>^l ( f’-V) JSjji 



0 » J 4-*Lj ^ f »J> — 1* V*-* 




(x^L> il ( ~ () w 1 j 1 Jfl “ JAj\ j*m jJ.) ~L^ >j |jld^-Aj h pljuLo aS i * - - •■' Jj^l j ( Si «4JM 
<—■ ■ l$J j' aS —- . - - jL>l>- jj j-x> - »■>■ j-* \S>jy _y*U„ '■ 

ji ij!j C~*l jjdi j <i I—d <5" d—il o jJj ^Ju>- Aj \—JIp ij 1 ^ ( _ T l5 aj (jjl* aJ jj ijlj 

■ J J- 1 *- 1 j*u h . jl <jljj ^ ^jjljjL; • iiji ^ 


(jStiln> wJb) w>lg?£& J$*j$ r- V 


A~~kt>*-* L$^ji 'J y* J* ^ ^ ^ " sJl—* 1 J J (jj-l^ 8 J A—1 J J^ ijJdJjS jA-4>w<) d->l^?-jA 

ijl> *>- ^1 ji (_g jjal d~*l JaJtl tj y> ^ ^jj\ ji . i j^j jL?JliL» iajl ^-1 ji l^j '£ a j aJL^U 

j yS S y*j »— 4 ^_£i y*^" jlij-^ - ' y* jIa ‘•-ojl) d-~“l oJ_Ji CJ jJoj jj> j ^iil 

(_£j1 y> ^1 aJjJ ^£a j <^-Ji »^sj j^l <S i j^»j jj-^aj ^d>-- djl_£>-jA . (d— d jij-£ jii* y£> 

a5” j ^*1 ^<s _j |*j jb j^ djl sJl» 1 _ _ «^ a ..> i ja> ^Jjli j-s- *uS j! D aL*sU Aj l^.d5 e j jl ji aS" I j 

j 1JX« ^1 k JuiL (cj) .5j-i ,_J>» a!^J ijlj <S” (h) d*sl Aj 

j [ j - -- S o j aLs^Ij) All ■!.< jU Jj e J k^j d—oil lJ^I~aa d-.-« J J 

jl^L j y3j Ia ^ ii n * a ol aS (-X->u <J^I dJl>- AjLdjfl 

(jjl 4jLsrf?Li jlJ jj Sr-^l 4 j ^ <1)1 j—J* 4j . 

a_ 5 doJib jt j> Ij fjj jj-+aj jjJ ■ (D ^U- aj d ,^^ 1 ) d—lb ^ jl ^i D jl yS^yS 
(dwil eJLl 6jb obb T — V a]^Lai» dj y^ ^ aS") Ij sj (_^b aJ kjji> aj wj| ^c-La^o 

^Jjlj J—Jo AjS (_v*^ (jl ji AS" 2 j-£j jiii jJ jlj J J (_jl^ 4 j b )& Aj ^jAll ljU^->- k_Svj (J 

(jL J-^ k_^J L-obkl J-'A*"! jlj J-SJ" bj^j" • JuiLj Si J,^ idol ^yldkb d Aj kw 1 ! ^1a-J Al d*^»-~J i 

. ijjj|jfAjlj(!j — 'V) sil—w AJib-* (jl jj ( T~V ) sd->«oj AJiljo (J>b- Aj dwil 1 _pAil 


h = h.+h r = 

h ' 


■ ((^b-l + ^0 jasIj jli>»-- 


l' t J^, aD r 
8KD +q nK " u 

n 


(f-y) 


( l _ J All) JiUjt jljj^- - 

qL " 

h = h h .(equivalent ) = 


d-Jb-ji jj d~*l A>«.Jj ji j ai_jL u L»\S jL^>- ^>da4« ^la.o -dlL d < D aS ^b“ jl 


(S-V) 



'£‘, 






- y 1 '-' 6 j 


-I, - 


- 1 — 4 * j~“> 


4 OjLaL cj!_d1 4 j O—jJ I J 0—1 J oJl?“ jl QJ—J 

. c—- : 

D h , — d + h/2 L o—l y\jj (^LjI oL^^-) (JjI*_4 oJL«-jJ ijL>- 0 *^ 00 ^ da—jo* 

. ^1 c ■ * * 1 jl 1 oO *0 ji ^LS* 4j (V) aJ 
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h = 


qL 


La q = 


8Kh(d +• h / 2 ) 


8K(d + h / 2 ) L - 

KKhd 4 KlT 
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ol$>j> ji JjLaa oJl> j ^yul j cJL> ^V—V) ( j^O 


j (-1— L; ^ d 2)1 0~*Uida—^0«) ^fLS aj jl j j jj _o (^^iil) JjLx^a jlj^- jl 

4jj- jA .jjl . (o—I h/2 (jl 0-al>«-s^ da— j—) i jS Oj J-V4* s j j* 

OjIJLa i j j—3 . 0—1 aJ— ob jL— (b (. ?~V) <bbca j tJ^jl *—■ •*y **> 

^jrS a j ijlo• j I^J ^~[Lj • " * * J ( K| ) £ a j (j»Lo» jl ^ l 5*^ ^ ‘•-■•*1 • --d _p J jd .* 

✓ ✓ 

. 2jj Jual ^ jjij £->jy*0 <i (b i V) <bljw jl— L oajLii* j*jk 1.1 (K,) 


8K 2 hd 4 K ( h 

q = x h y 


(V-V) 


L L 

j £ 0-22 oLp- .o—It-ijjA* ai^Uo) <j 

<S ijS o—^l-f!jd_>- I (><1 j ‘ d = f(D, L, u) i o—l u j L j D jl d *S 



^ZS ,.j lS>.j j r)° - 


r y-* 


'fiY 


£■' 4^*" J ^ V J JL,^-J<-BO ,^j* Ol— 1 U—P ) cy*J Aj ^a*-ft..4 aJ^J ,_g! *j 1 * $ aI^jIj 

L& 4 J jl ^ “O *Aj^ ^ ^ -~ ^ £* L .j£ • ^ w ^JJl->-ij »JI~ La— ,Jl*w . f. J-J*5 

: j' jl <s »j j- lj 


d = 


d = 


D 


8D , D 
- In 

rcL 


(jLiL D > jL «dT ( _ # k ! !jl ^ly) 




TT ln U + 


(A-V) 


8 in ij- 


(JLSI D < -L «S J^\y ^Ijj) 

ijl jj i j O IJ-j jJ lj .syj 4 j*V <1)1 *S i ^oj\j*Z y 

^jSv—I j j Jl~* lI^jIwXA ^ La..«jl.« ,*-A.i k^j 4j (K) a i^-jIuLA k—o j-*^ <1)1 jJ ^ 

Jj_>-j .iLj (^jjjj ,)j_Aj L (_jl 4 jN tl) 1 yj j~~ t ‘ Y lj L ji <jl i?4 j) Jl —»y ^y>i.i x ^i jJ 

. (jlIL ‘C-Jilju 


wAgp^A 1 -T'-V 

J^_p ji3 <yJj <i Jj-* jj jl -I 1; I J^S I> j ^La djj 4-U<sU .y-AJ 

. (Y-V JSLi-i-i? £y-j) y 
(H j q) -^Jie> ijLa jL*-a jj /dy> (>—a)i) 

h — W — Hi W 4s-jyt (jjl^pJLS^ ej ^L—* jl 0-5 j«j l y<i>^—»* (k_-0 
D j ( K, j K, L) <. i3U^<i Jsyy ciL*^yl jL jj j£ (^-) 

U j ij> j (jL jj yj L *JjJ) { j!jScj ^jj (i) 

(V—V L b j a 9"— V) oL^>-ja y»- L ((Lj) L^15«j <JU<?U j,j ^ Ijup (_a) 

,yjj ^ b J Jj-i ^ «jLa-L-<I Lia>- j jj->jl yJJ jl Lj OjLp^j-A aJjL«_ 4 J>- ^Ijj 

• J J^ cr* #,s ^ ^ ^ Ct^*^ 

^ijj <j Jojii CjU^-jA aJjL»*, 4 Jjlj L 4j d j d *j L jj^>- j Lia>- j jy j^ yjj 

• I (JjL* LSa>- J Oy jl 

(A—V) d^L*-* L ( \ —V ) JjJL>- jl ejl j * _.jl L ^ j . - . -« j J,... jj y lj ^jl.la * L (_gly _ 

• *4jjl C—i<q lj d jLLL. 
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-jio - J-^ai 



(r () = 0.04- O.Olrn, u = 0.30m),_jUjJ (d) JjOl-. j^c (\ -V) ^jjo* 













(A-V) 

ur ff j- c '* m i <£ L** — '1 j>j **-£jjj L**JjJj.Li(_jl_y 1< j- ijlj— 4 *—t^£ji - ★ 

(u = 0.30m) c*J JiL? jJJ iLili? jlS" jZa^L. Y0 Lr T * 


Jbt ej jj 4-»«j 1 L Ij o j—i L jl-La-e j aijS Jj>- 1j <■*->! j •>-jjt 4j,il_*_e _ 

. J-^S <U-uLL» 

c. ■ 1 jS j\j£> ajljji Ij JL*— e-\ j ci j*j ^^L-sl 1 j ^jJL* o-Li ji L, jl-LL* _ 

. JUJ> (jJ jL—J e-Li <L«*il>»-0 J O-ui ^<9jj L jl-LLe \j jLJbJS <Lebl jjj jl ij 
Ij JojI j—i ^*1*7 L-jjij >—. .«! e-L-1 ojIj oLJLI ( A—V) ji <S j +j <. j-f tA>-> 

. (h = 0.1 - 1.2m, q = 1 - lOmm/dauy 1 ) ji u~^ ° j J 15 

• jdJ Cr^ 1 L f'JJ’** 3 11JL? oj ^Jl^U JU5 <—'L~^- - JU-* 


q = 7mm.day’ 1 , H = 0.6m 
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1 P rn 


K') -•- 1 0 ( 
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I Ua>- Oy* jl Aj <dl^» 

D = 3.0m ^LL-.o y L» t L = 40m ^oS^ lj yZ-» f • jIjLjL. L (jl^j IjujI 

U $jj j\ j . oA^ c— d = 2.15m (N — V) Jjjo- ^jj jl L = 40m j u = 0.3m 

t j\ 0-^1 <jl «4—i 4*—il>iu* j1jX« (Y — V) <d.iL*> 


, 4K h 

L = -rr- 


8IChd 


4x2 x 0. 4 8x 1x2. 15x0.4 

+ — 


0. 007 


0. 007 


L 2 = 1165; L = 34m 

. O .- .« 1 «-l —m jl sJLrf 4..^L>^ L jl-li* <5" 2yOt eJUb Li x* 

cJl>- ji d j\aaa (^-V) JjJL>- (£jj jl . |f Jaj ji L — 32m ^1 y jj-*jl 

l jJ j <* 


d = 2.0m 


r 2 4x2x 0. 4 8x1x2.Ox 0.4 

L = - .. -+ — 


0.007 


0. 007 


L 2 = 1097; L = 33m 

(_JjL-*< Lj Jjjj j^jASC l» L e J-i ji J oJLm> 4~*A>«-4 Jjjlii ^1 ji 2y J» 

. -UblL — 33m JLlJLi 
; i_»1 jaJ jl L <JL -+a ( J>* 

^ 1j (jl jl t^Ldwll J^jl ji jLj ij yA IjUj! ji 
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- gi 5' 


= 457; 


K = 2. 0; 


K 2 = 1.0; 
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q - • 2 ’ q 

j»-a I j (w*>- j_p^ j-i) t &V j (c—J j j ^ AV 44#- (A-V ) iwjl £ y 

!j L 4laA) ^jl . (B jb^» j) -XjlS' ^1o5 (^1 4^iaj lj D = 3.0m aj ]p ,k>-lj 4 _*jL*j ^y*j >j 
. $y L = 33m y)jj Uj jjsj y* ro jT* aS JLjLu l 1 «jI ji 


dJdUfi ij^c p Aap ,ylXi T -f-V 

lL-jU Lftj_..«_~ a A.—AJ aS t _j4j y*0 J.i) L jljui—a aS JJO (jLw y* (iwiil) 

; j£\ . ~^* Li jjhl j>- ^j!ij\js\ (_CjL«j 

j \—.—»—i L K, ^jl jij . 4jLj ^Ayi\ K, o^j ,,rt ^ 14—^ ^jblj—il K_ 

. (^-1 y+S 

. Gjb q _ 2 -o L) JuLj Ijlj q- 
L a_S^ ,^1»jI y~* jl j to 5 .x, . i li L. ji oi jjO 4 _xJ IjLj ^jbljjl D_ 

• (-JLilj (Jfjjj 

. (JuL H L j W L) JuL ^IjI jil h _ 

Sy!* Joj ^jA CJ jy0 (_r^ e j i' y j' ^ ijt* jl4i-o jl j£ I C V_-») 

. *<, -Ulj>- lo-j IJ yj JSkJ JyJ 

L 2 = J r y) (5-V) 

jljxi* (jl Ij j -lJ«Lj (h) ^la .m jL L a£ 3jj jL?4j (_f J ^*j y 

(^VLi Ji *S JLiL {£j\Saa jl j l J L j Jl4j 3 O®j y yj 

. JSS ^jA IjLj jL^»- .A (jl 

»j jl^J b_j4>- ^ j4o. f* j3 i5l>- J-b* ^“Xfc i_ •ij-^ > xr~?*~* ( 

Sl_^wu. . 4^1^ (_}ldJl <uN j^JC- jJ j n—A A A _S^ C.w-1 ^jjljb «JbJb jl 

t <2 Ljj J—iJ t ; .t 4 ^jSsijj (^LaJJjI y <£ Jjb j\ji ijU- ^k-x ^J-1* VTLM ^ 

(j^jl jjh yyj-J’ y jA ^UJ j ^ jl ji »j-?* j iJU- ^jj 



l£V 


V 1 ' V a?' ^ tj j l^ : --..^ j-J* _ J_jai 


JL>- ji C — “ jJ ^15 ej ^L-jo ^vaJ' O jJd Aj (_$l Aj"V (_$L^SL>- . Jj j yA iJL>- i ^S*JjjX*A 

AjV jJ Ojl-Lfc y0 yA^- Aj i ^j^- '"^ J * *“ y a ^ AjN J J U^j 

O-jI-XA JLjIj *— J j jrfl j-y^ • -J—iL ( _ r -*J yj-* jl*XX>- <• *XXJilj 4-)l .1 ,.a ^1 ejljlil \j 

<5 ^ j\ y y> \ 9 J^xiji ^ J J ru ^1 ) jj-i Ja>j* (Composed) ^y^A <j£Jj j-La 

a^JL x^ilj ^jj£> ^jl—• ji *S c -- » o <oLl_» ^^JjjJujk c-jIjl* jl j^ la*.,* (c~~«1 

. JCjLaJa jj\j*wj y\y Ji jl aS Owil 

ApijI L oLi j->- ^y£}\ JuiL oJlJu L^xJx i> ail >m> ^La Aj j jit .,*« 4- 1 ii ol^-a- 4 g\a' a £\ 

j! y y^> ^jjl ji \j l j bS Bj . iy -XaI y- tOjLiXa -i—1 <ci? jA aJjIjc* ij yA ji 

. J y Jjfcl^>- Ji - ^**- “ ^JJUu J Ajy^j Aj jCj AiOj Jjjl <«L*~*0 Aj >^jL^»-^jA JjljbLwd (J jj *y U 

. J y£ l jA oij LjJLS' bj aJLaU y JijI y^ y^^ Aa*JIx>- ^a 5 " - 

iSJ j y,*J> (jl ^ A illn‘. ‘ J J_wvlj jLj {£}y+-£- j 1 J L jLj j^\ (i) 

ol^ yjB y» y ji'h (^L>- Aj JbL) JLj j Ij ^^P^-yS JJ.X ..A Oji-XA li ^y 

o aj ( ^ -V) J yAy j\ H^ aS' lyZ ejtj j\y (h — h y ) 




(^NLi C--a _ i jS t—4 oljj->“Aj Jpa 5 q =: 


4 Kh 


l^-^A Jj-ji (-a) 


jljj A^wUjj- OjLc- Aj . JjJ« jl^ Aj i~....4 JLjUj t J—111 ^4 e j jl y 

BJ ^ a ~“ C - a. i jl ijljj^ - ^1^-1 J JLib SyAj jJjlijji AjN ^Ja_j L yXi'.B Bj 

. O^LaXmvI yA y j\ iXj Lt 1 yJu ^ZjjyP 


jtf JJLbja£ iul jm ji ijy*S 0 j Jjtji T - V 

. ijlj ^*jlj l-Z —) I ^ Ja .-^ Aj ^C-^j iSjJ C-JLLi J oL^ _L—ij j»- L —< jy i» Aj 

jl . c«.*l jL -y <j!->- ji L_-jJ-* ^ (j^Jdjlj) Aj-LiJ Aj j_j ^jL^—ul ^ ! r3 ■ - 

. Q.. ..I i*lwO j$ i_$^ljj w'l-C'^Jal o L_? j iJlsX j^jj y _jl ^]n.* CjUL-j y ^jIj Zjy-a jZ 

Ij IjJ . .UX-.,..,.,) «JL-i AJXj>-L— 1 jU •■>■ jLS'jdlwo j^_p ji jb ^La j L _w_» '•“‘j yi^i 

aJLjpU a-—U^» y ^j ij£^y c*>jyp jajlj-5 ^y*~ y~$ ®j *5 iS^yrj 

l (J yAy jl s^loj^l ^1^ ■^Ajl j* yi^ j3 . i y i ( y t-il-Al— jI jl^JLjL* L^J yA jj jl 1^ 4.S* Bj 

• ^ ( 4 ) AjiAi ^ J ia--^ j (H) 1 ^Ja-^ \rx,m,M jP^ 



{ jt^ * j o ^ r » ~ ■_£ jiJ ** J - f y* ** £ A 

JLiLji Jjl*w^-* j.^ jUf JuL« k.^%—1l>- jj ^jJL-5^o j 

jV-j y\*yb] O— i o-i-i ?y*j* ^y *i y~*j jij (_r*~^ °3 *£ ^Ujj^LS - j' o’j^ri J~ 

^LjjljL (_£L>-*j) Ow>-1^-£j 1.j— . Os—l jjo**— 

j_J> jJ ^j-jl tj^-C- . (JjJuJL— j O'JLa elj jS I jXS 1 LfjljL ( _y'^ j-!p J 0~>-l y^i 

— 4 j £0~- J b —| >-~— i (.r^ jyJ l$W' gJj^-J ^b;— jI ^Jo- J-*jJ1 ^Ss- 

j)^S\j 2 jl yA Jjjl J-S * -j j-> O I j jUjJL. oJLs- j2 ^j-JLS^ej J J-*j-* jljj Os—1 

jl y-y jS'2<tjjj j2 *-Z -AL^ jLS'jjL* y—s- iajlj—1 jj cr Li’oj l?'— fJ y* j-* oLAj—1<j 


(fto - j$>tf JW) Ji‘y o 1 ** ^ -f-v 

jjj oAbL*-« jl j «.j^j ,_j4jl I—1—1 lfrs--5‘«j *j t—<1 jL j>- Ji—L h < d « L <>mjU>- 

■ (^ £/r J ^ _v ^ <£Jjii, 
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Q.-^n-sr 


(a) 


j--‘- J '■ 1 'X J ,_il j A . o—l cJL— <C—j_i jAj\~Z jj-i _ i j>y j2 iajl^— *J *yy L j^Li) 

(Y-V 
5h x 

M-g r 4 x =Q >+4l +q.Ax-Q x (b) 

^li L «j Jjtf Jiil— <» ^yy j—*IjL ji jl ji *5 Ax ^l^ —>1 O 1 !^ 

(c-l^.j 

i jl o-—I OjL>p Ax —> 0 (jjjj-> ^1 sAj»- 


8Q „ 8h „ 

_ 8T + q = |I '8r 


—b j*^*l y*~ (b) j (a) ji <. _ .$ J> jl 


8h. 1 


8 KD 


h 8x 


8x 


8h, 

+ q = ^- 


8h v KD h 5 z h 


8t 


^ ’ 8x 2 + ^ 


(N'-V) 



! JV . j .. pi* J~oi 


♦ ♦ 


fijuu ( q 
dhx 


i_A^" »j a 



jjl'S’&j j^i*! V) J^O 

JiU* ^1 p-l—Ip . o—l tijyc* (Boussinesq) oo—* aijUa^Uaj ( > * -V) 

£\ . JjjT 0 — 0 A* JLib Oj^«0 At Aj A^ ^^lajl j** jJ 'j ^)ll—I £tla— 0—^0p* 

■ {£jj* p* 4 j ojj p/s *jj^j) q — 0 *-ljl <j ^pJ< ci £ t_Hj^iil (\ *-V) jl 

t = 0; h x = h^ (x ^olL. j*L; *1jl-u) (a) 

h^ sjlXI *j ^lo—1 ^ j q -i ^lijjt J»Li ^L*j j sJjj jjjb— jI a— j AyQ jl_*j ji 

. (J—L *zij£ jlpi «j ^b* jlp j_£Vl> 

L > 0; h = 0 ji x = 0 

J (b) 

x = L 

(-1—p; j**# 4j lf05^ • j j-i *—*1 t > 0 j *i jl p— <JLv»L»^j 1 _^* A d) 

j oijj »_jjyc* (Glover - Dumin)^.jjtf aJjU_* j»L«q a£ Jul^ o— s aj 
c5 jbT ^ <j b *S jT jl p— I j ^b—I ^sia— ‘‘“'^ *jl j^ 4 Ij o~c- j— jljJ (j* «jiT aL— j *j 

a— b** ^ p^ ,j* jlj* \jr^ * j c$b* hjj ^Uljl ji j bJL»T VL bp— —*1 ^la— (APjj* 

p-•■■■ “ J “^Ju 4 q£jbl V J (_T"i Ab»li^J ^b—1 ^Ja-* S/ p a—»..« Joj! j— pjl jJ . J pi 

. «o5 ( p* I jo ojI ^jj jj <j 

t = t jUj ji (hj) piS" • j ji pj -b«j A-Iaij jj —J 1 *f 1 aj b 

'. ji o—l o^jLp h ( . aj o<»».) 


h t 

T- L = 1. 16e~ a ‘ 

h „ 







' ? i 


a - 


10 Ku 

2 

Ml 


OT-V) 


0-«l (71 — *^,K7) Tl pj} j]£j|j Jj «djl«L* .jj! Jj \ * i_ J rJj 

(JJJ> ^j - 1 : Lflj^y tjd 1 J - 1 

k_.... T »-^j) t = (1>Uj jj ^liwl a~» *u5jl jL = h 0 

(^1* k. ——T ^i) t = l jl«j jJ ^LL-jI ^xa~- jlj = h ( 

(days' ') i y*jA\ <J Ss' k_~j^> = a 
(m\irf') ej Jjli JiJUJ = 

(m) 6 j xJL^lj = L 
(m) jJjliAj*y Ij JjU* j^c- = d 
(m.day' 1 ) L _ J S(Jj jJu* = K 


7 777~77~777~777777T77 


t = 0 


t> p 


l h t 

i 5 -- 


ry//////////' , fz r : r :'/////////////////////'■ 


-—Q- 


jJJj Li jjij 


JiU-. j3 ^ j ^»\J (N • -V) jX-i 

»ju£> »ijJ jLi”i_; jUjJL.lUJL> jJ |1 • A - JJJ-^ 


. j jjj <djL^» (\ Y-V) j (^ ^ —V) 4 J jLiw ji j jl 

In 1.16—1 C^r-V) 


l 2 = lOKdt 


M 


f -P jlj **---* ^ jUj jJ ^ia-> O—d eJLi jt (J jAji Od'j- 5 

i^lfdL5«j ji pta - *S jT ^jj . (M — V ji \ / ^ 9 t_sj y) JLili 

D o*jS jl ji t J—:b j-d <ijJ 

. <-.* ■ ■«I (JjlpC* d 4. L ..J 4 j (j jjU ^|jljAj^ 



? \ 




)ji'j v' b jr^ -S' *-'jJ J-Z »j ■- ; ■■" £>-i»-^» c uaj 


cfi" 5 w ^JT *X*~ *“"' J Aj .^ ^b*J ^ jjjl ( _ J *S>ji b 

(»lj A.' .S^vji C-—i 4j lj ^j-g-ll •— * jljj ijb j j ^y)l.»,..„d -P rb-^. O-jl d-C"j-— 4j 

v dl y 

- o—l j yt*(Bouwer - Schilfgaardc) *j\Z cJL.i jjy AbL*> 


q = -Qi 


dh 

dl 


(^ T-V) 


C j (^is cj Jil—) |i t-y>- Jl ^' — , .*4 *_ jjJ> Abl_*> i>J J* 

*«5b.>J j ji (ji Osli A^Jb oJ ^y_jj (_yAjl OJ— ji ^yil ~ . ,. w l ^)a.* <S O—l jI J Jku j A 

i jiS 4 j J J ^ -ia—j <lUL j J h C b V_ r» O^l oJw-> I y Jb JlJi ®J 

»_Jj ( V ) 0*L- Ji O L- J 0 Y“ V ) 4J^Lw-4 L^*.$ j j\ * JLiU ^0 * / *\ Ij * / V 

: ^ ^vy 


dh 

q = - C ,-- 


q = 


8Khd 


- CjiL 

dl = ~8Khd~ dh 


j ^ jN j' Jl £cj\ i — it i — hjji-Oth-h,, J>- j-i ^ _fi\ 

: o-ib y~ (C = 0.8 ^ji 

1 

(juS*-Al.Or-V) AbU*b) 


l 2 = IQKtd 


1 J 


'. *S j j— ^ a^*o (a t V) oLjj>-jjfc ^15" j O T-V) *bl*-« .. _ S j b 

1 - 1 


l 2 = IQKtd 


M- 


In 


h Q (2d +h ( ) 
h t (2d + h {) ) 


(_5^ ji J* jb b ( jbS’oJi (^b— ^ia— j' <jb^ JtjAji ^Jil) 

jjj jSa b ( _ f i5eJ (_jb» Jj (JI <jb— Jj-Ajj J ) ^b_ jjjl? jl 4-iUol jjo 


Cr^jj 


: JU« 

4 j_^-l J \b ^L*jl . ■ < j (jL_^«db* j— _c- oJL>“) jjj ^jbJLwo ia—li L*o^b 

1 j! Jbj jL»p 



L? >.J J £_>>-{ 


'.?y 


i = 0: H 0 = Om 
i - 4; = ().8m 



*1 





K = 2 0 m. day ’ 

ii - 5% { =0 05 m 3 nrf 3 ) 



jL 5 JuL 



. iSL>* ^jZ* * / A Aj ^jLLwI 


h = W-H = I. 2ml h 
0 0 I 4 

h = W - H = 0 . 4 m | h 
4 4 J O 


*'j MO 


0 . 4 
1.2 


0. 33 


- — - = — —- = 0. 33 —» Oct = — In -2^3 = I 24 Ot-V> JjU. ;l 
h c h o 116 

a= IOM =031 L L 2 = _10Kd_ OY-V)<l>U.jl 

HL 2 ‘ 0.31H 

4 = 0.05 j K = 2.0 L‘ = 1290 x d *5^.1*. *»-jJ L. 

U«>- j ijiijj jl aJjU_ 4 I -L-iL d — f(L) j L = f(d) *$ l>- jl jl 

• fr^ ue* 

L = 30m. d = 2.20m (\-V Jja*-j!) : Jjl Oyj\ 




\ it 




I 


*Ll , ^ 1 *J 4J JA & • 


r a»_,^l4A kai 


L = Vl290 x 2. 20 = 53. 3m 
L = 60m ... d = 2.84 O -V J_>k>- j‘) 


• fj- 


L = a/ 1290 x 2. 84 = 60.5m 


L = 60m *JL_, 




JojI j J >y jl5 Aj L aIijIj jl !_f» lj ck>ljJk Jyi J _ JJ jl£* aJjIo 

* OjA j 1J J 


(*\—V 1 oj—i oiLa ^^i) c-»LJj*«I. — — 

(^ T-V a 1>1»>) ^b_ ^yj* L = ' 


h_ _ 10 
9 ~ 8aji 


= 80. 65 <- \i = 0.05 ja = 0.3UljU 


1/ = 8Kd-g- 
H 


If - 1290 x d K = 2*ljl4j 

. Jul v** ... 1*0 I. — 60m ^IjuL* Hx>- ^ ffy jl 


(tf (^*lA j j j jd J**** gi*rt T -f-Y 

jl^jjU jj* jliij jjb jLii <_$! y.'^y <y (5—V J y> jf) #JLi oL« aJ^L«> 

^Ja—. £-lijjl Aj (q) e j _p . $ jt jl? Aj jljL lj (_£j L3 Aj 0 ^.~J ^Lkwl 

■ *■" • 1 *' .rla>- Aj .■ w ^jl ^jli (H) 0 J A^Mj ^jl^^wl 

8Kd , 

q = — h (<\-V) 

L 

^Ik—jl ^Ja-» ^Lirjl (_yL* j olO j\_* j Aj c ... .- > «j <kj| ^ .... : « 7 ^jjl^>U j 

• O-5b J>- J i3“~* (0 L>bj Aj k — ~«J aJ^Lh> ^is jl ^1 . is*- 

dq 8Kd dh 


dt 


2 ‘ dt 


06-V) 



w r iS ’*j Li 1 - 4 ? 


•S jij J r )°- r5— JJ* 


ji j! j (R) ^jL^jT AliLa £■—* JjjL A' i w *d fc j 

Ajd ^a Vlj ^ifl .a -LaL ( R — Cj) > *$ vl—«* i»AJj yrf 5 !q) ^ C j , ~y jjo 

^Lfc «JjLv« o^jLL® <0 A>-y Ij . ojj /^jL. ^yjl*>^j| (R - q) < 0 *S <jL »jj 

■ c—i! j y~ Lfd Oili jij5 ^jL-a j O 6—V)j(\T — V) 

dt Qi 

■‘‘S jjA ^ 4^jj C — 0.8 y> j Lj j (\ 9"—S ) j (\ &— V) i^S J jl 

dq_ JOKd 

dt 


(R - q) = a(R - q) 


Ov-v) 


qL 


J> j (R — q) L jljLa Lj i_...«iL^_a | __3_ J ^JSej $ ojI 

V dt 




a —-Lj <. 

. ( ' a Jw^j 0«)1 J 0 'ulj ( \ y V) <J^L^a aS • ~ j*0 OLaJk (X) J—« Lj 

i 3jA <cj £ J| j&j I q = q t _! c t = t — 1 j q = q, t t = t -b>- jiy*j (\ V—V) 4JjL*> jl 

J q ,—g a- J- ad. 

qt - i (R - q) t - 1 


(R - q) t 

<*^v; 


= e 


aAt 


q = q e aAt + R (l-c aAt ) 
^ l ^ t - I Al v 


jjj cjj j-a lj jl jljJ *S 
(^ A-V) 


jl ol 0 * . ■«! Lj . C—<1 0 JlA l y0jj vA-jLj ( t Lj t — 1 OJLa (J yk> ji R ^Ua) R A> *J.iL*ja ji 


t iy^^As^J, (q - h = 0. 8cxji h) (^-V) <1 jUa j q ^Ja*- -dajlj 


h =h e-^'^-^-d-e-^) 
« t - 1 0. 8|ia 


(^‘l-v) 


HELLINGA J DEZEEUW ^ V) j (\ A-V) jl 

i Sjj j' U u~^ * j J (jlfJL- y a ‘- r -j jr v» L jl^j ^ Jj ijS iLjidwo 

(^jLa •jji <0 tj ijL-aj jl^AjL»^-f' Ja_jl j-i ji 4jL~a J*. • ^ cJ^ 0 cA“ J »i!i 

V yAJUt . c...«al cAjU R a| ‘•jJtAj jIJU. Ajji jj* jj a£ 3yl ^A (J^j J ■■■lit At 

“*-j jjj -^-1 j t iS^y. j-^D a_i» jJ> Jku jj (At — 1) jjj La oJl* (Jjb 

. (aAL^ day -1 t a^^Laul aJjU^ 'ji j A Ji JjfclJuu 0t 





KJ — jI 0 J V 1>' O’-f f 7* - 


■ilLs- jO jl iO.’_J» j 0 £ L j* O; e j_}0 a_£j jl i A_S^ ^iljL ji « 

»5 , ^L* . Lt } o *—1 <c—I 

. O^al JUiN b 0 .4_- ^xJlXs* 


V c^L) j J~.y°J "-: c5 : i ~~ ! *° ^ |J ; l ' j ^jr* 4 - 


• < /.) i^uJ I wO^j 


0 bOl 


bO? 1 


‘/T o. 


-J Li j!o> j a OOAO jl-i.J 


^2_^U, a - — •^ i j+-*}\ lJ S* v*-; 
M f/ 


^1 y O' j'O.fl.a . ■SjOJj j! j-a (pi j~ju jj\ jO *J 
(_£ljj j (^--- ^ ej ^JjLi jo j-i N Li b 1 ^ bjoLjj 4 .L^Lj b KD bj^»- j-S~jLl,j5„ A ) * /V Ij 

jo jj ^ t KD jo^j N L) 0—1L ^j» j ll Y ojo jL—Li J-sjJI l j—5vt' L*j j— 4-S^ ^ 1 .^0. •»j 

<L—( \ Y —V ) J^oy jl Ot (—Jj—i . (^j-ijT ej JjLi JOb I j --^ aj ^J-^Li 

bjr^’ ci'oi y-JO (ji. c ~"' J^'* oV-i J 1 (jr" ^ J 1 KD Jiib L.) o_^i ^ 

(K = 0) (0—il . a ..t? jl j —a a£ ^jjL«j jO . (O—l 4Pj jajO *c5v— J o . « il s_La 1—a oc 

: OjJ^^O^-V) jOA-Vj^UJoU. jl 


a - 


In q -In q log q - log q 

‘ - 1 _ =2.30- t_ 1 


At 


AL 


In h - In h log h - log h 

a =-Lzl-- =2.30- t_l 


(will Y *-V) 


(^r«-v) 


At ’ ‘ At 

*S JLf'b ^-5 nj jjjjj ( ^ ^ — V) n jloLd jl^i qj* Ij h ( j q ( oO_t 0 JuaLJw* ^joLiL* 

b ( < \~V) ( jU 4 J 0 U*—• aS ^yil.. ./> jj jl <5L——1 jS*\ . Oj»S^ (t) jl_aj jl 

eO_l aOj^Llw* (Ool j OjL*j 1 (O—*1 eO-al (0—0 4j L^jI ^hL-«I y ( ^ 9" — V ) b ( ' j ~V) 

^Oa —' j ^jjO o Jj»LJw» Ij (jj j-S* e jljjl O— 1 . (0—1 CX jl t_— 1 j «0 ^j j ^ q, J h | 

^y^Ojjb j jj -!■*>■ L—iLi b 0—Li jf^* j ^ja— jl y—>i_j 4_J $ bO j ^yLaj ^ jl L——il 

^y^JbijU j-$” jLl jl 4- Lv ri L) jLi ^ajljjl loiti j 0,.ALi eOjjLj pjl0_« (O >j w_i^y_>- 
(ji 1 j'(jl<!yj ^ (j-^Jjo)oo^j Lc-I OOS (Oil <> J-i ll « <£ j^Laj jl 

jjj jl <S^ ijA-tejS a jljjl jLOa . ((0—1 a 0—1 aolo jUlo jl aO_i (^LajIo ^aJ J ^ ajljjl 

. o® oLa— il ocx a^>«j jo Oj^^j : (Y V JjOj»~) aUj^ bOo^^ Lj ** 





J 


-r- \Ss.J J - r ~, 


\ 99 


loo ! 


., .- _ = -'w - n*y . 

~C 31 

0 01C 

0.9 c ! 




0.009 

. 070 1 

- 


Cl 

0 007 

1 050 

- 


£ 

0005 

4 0 40 

- 


O 

0 004 

030 | 

_ 

"V 

h 

0.003 

3 


.. . i ... 



1 0 20 

- 

"v. 


0 002 


1 




010 

L 

111. 

, 

0 001 


' r* fj ( * . ' ^ •'-{ - - f ;■ 


JJJ 


V 




3 4 

-*■ jjj 


'V 


\ 


jJu, Ji> jl (a) (N \-V) JSLi 

>»jl £tJa«*< jdji u**^Jv* 0^°J *3 <_#< a J 


^pS tj jl J * " '‘ j I £tk>* ^IjIjjI ( V — V) Jj J>> 

de Zeeuw-Hellinga Jj ^>ji y_ 


W = 1.20m 
L = 40m 
Kd = 2.5m 2 .day" 1 
H. = 0.05m 3 .m~ 3 


L ^ jl y *Jy 0 ,^1S * j : JU» 


a = 


lOKd 

'i 


10 x 2. 5 
0.05 x 1600 


= 0. 31; At = 1. Oday 


e“ “* = e~°- 3l = 0. 73;(1 - e“ “ A ‘) =0.27; 0. 8^a = 0.012 

Jl (jj; 1 b—j daii jl ij-^M ■ C~d • / 1 ,jjLa— jI £»Ja- jL (0 jjj) ^Xtj L £y 

^il jj . a. .iL ill ^la-« -rt-j j —^ »jl**jl y (H =W — h — 1.20 — 0,10= 1.1 Om) »j 

q = (8Kdh)/L = (8 x 2.5 x ( l^j c~* \jjj ji j~. »•/ * * \ j' >- o~_j<— 

\& x\^ C-.I Oi^ jl^J jtff.j Jj 4i^ <5^1 i> 0.10)/! 600 = 0.001 m.day -1 

tl‘ \ j pS jJ 1 3 j j;4 « , 7 jljJL* j ajL-_^ iJ p1 jjc~ijt *i 0 ■ill?- j j s j—»d I j *—<1 y^« jjL/• 

(aA-"*;' ^da-) i^-dilL^ ji . J-iL j j j j-s J>~a 

<j Jl«j jl ju* lii j (\ 6 + \ = if) i jJi ^ j s^j (jlj* i-£3 j » j~^i 4Ju»- ji j-* jji-* ^ Jji jjj ji . a Ji i^* 

. (T* - \P = Y)c~I>^J l- T JaS*(R) 




\rV 

jy,j w>l £tV«. J_ys4 j jl»:< 


zJ* - 


3yZ ) j^> 

V* _Laj \ 

‘pr.'ki** 

<5p- a - 

Jjj 

(P m) (H, m) 

(R, m) 

(h, m) 

- cr^°j j' 

(q, m.day ') 

0 



0.10 

0.001 

1 

0.020 0.001 

0.004 

0.16 

0.002 

2 

0.020 0.001 

0.019 

0.54 

0.007 

3 

0.010 0.002 

0.008 

0.57 

0.007 

4 

0.025 0.001 

0.024 

0.96 

0.012 

5 

0.005 0.002 

0.003 

0.77 

0.010 

6 

0.002 


0.56 

0.007 

7 

0.002 


0.41 

0.005 

8 

0.002 


0.30 

0.004 

9 

0.02 


0.22 

0.003 

10 

0.002 


0.16 

0.002 3 

1 h ,e- aA( 

i - i 

r a , 

+ At (1 e-^ 1 ) 

0. 8|ia 



(J-v) 

<J l x. l = 1: h j 

= (0. 10 x 0.73) +[ 0 004 x 0. 27 
l 0. 012 v 

| = 0. 073 + 0. 090 = 0. 16 

ts'j; t — 2: h 2 

“ <a i6 * a73)+ (o:ol2 x H 

= 0. 117 +0. 

427 = 0. 54 

ls'+ t = 6: h , 
0 

= 0. 77 x 0. 73 = 0. 56; 

t = 7: h 

= 0. 56 x 0. 73 = 0. 41 £>' 

2 q = q ,i 

M M - 1 

s - «A‘ + R (1 _ e _aAl ) 
Al ‘ 7 



> 

i 

\ 


tfljj t= 1: q, = (0,001 x0.73) +(0.004 x0.27) = 0.002 
^ t = 2: q 2 = (0.002x0.73) + (0.019 x 0.27) = 0.007 
^Ijj t = 6: q 6 = 0.010x0.73 = 0.007; ^ t =7: q, = 0.007 x 0.73 = 0.005, jJI 

XS cJl>-3 *j 1 J J *3 


jjjp 6-V 

p A? ijli JkA *J j^Imj jifiT.nl ij^>-I^As 








’ - f i_r 


; «■ A 




^Ja— 


j L— I <0>A-A . ■ X ,.,j A - ..4- ^ jl—3 A-S JJ^ vjbh-A • ^^1—— c 2jj I jj JLf L ^JLj* c k 


■ 22 iL>*jJ j ^j 1 -tjT o...1 « -t- fL>u1 j ol —t J_—j joj jl i _ 5 ~—'1— ^ L? 0~-^ JL>- jJ> 

ajI^To?- -Ij-i ^jA “2j jL-5 Aj ^ _;j— j jla — Aj L j JJ *i ^j-j^l e j ^La jb-*-* 

- >.!■ .j1 AL5 ^ jl^i kl ->vj 2j *j> 

o—I jLfjJU oJL>- ji ol- it ..I Jjj— ^j j—i*j aS^ ^jjl* j )L.»..a ^i_Sl <cj -^ 

. Jjl ojLE— 1 ^Jjli ^ (*^ jL^-bL»j-P iajlj— jJ LajLxa 

: jl xJjLp l ^Sej jL>w! j2 J ja*-* (jjLfi-LA j\ {J >-y_ 

. La a.Ljj aa *jk-t Adla— jj> aj^^j o.'Il^ j j ' _ 

• j' ^r-i j t5j j j- 5 jisJi j ->j j '°ry k p-*'y - 

■ j4d JJj' or 4 3 **7j* <j-- Li f^- 

^ JL->- j ‘ ^LaXjI jj -LX-iJ _ 

. eL^ ^Ijj jl OJc-iLE—I ^JjU J OJjl L aJojIj jJ 

j! ^So L^j AS - ,jjl Aj A_I—j) 2 j— Ali ^_5 j^Oj j2 A^ ^>LajL*a <_Jj3 (_^1—J»A Aj A>-jj Li 

L k t *k 1 - --3 a aS^ ^jjL»j jJ UjL^.»a • C-~m 1 O'0^1 APj^>vi L Jjili JojJjjA N Lj (^LjjJ-A 

J-«Lp- J-soj ^I^ai-i S/j-#-*-* . x5(_y* <3j-* L)T jl ^jL>- L j—iL Jj_v3_s-^» «i—ij 

. 3jJ) jl^3 fliLaX^il ^J_)A jJ aS - C—<kl j~®U^ ‘‘•J*-^ijT^ 


tS^ 1 -A-V 

l ejLlJ^I _/P JL*—i JjJL*^ j i—' 1 j-a Jajly— jJ La j L— » ■■» /^jl 

-I L» \ * ‘ * U V* • j-j jT j ^-UjJ aJNI—- £ijjj ji 

^iLLwl ^ Oa.»A*l (P » E) (E) jl »—^\jA Ai (P) ^JJjL Q E ...«^ -j 3> J_ji* jJ 

^jvj.'xj jZa& J-3 AjLla*»— i. (t—ail \ T—V J cS ^jA JJLjTNIjAj 

J_Al—>»jl J jb Aj ^Ijj ujlJLjl—* nlJL->- j£\ J j . 22 jS ^Jlj OjL--^ 2JJ-A a 5 0-1 ^^-.j 
. O—b JLfcl f^yX-A ^jlj Juij aij-i jT ilO j-3 j-p? j* j iiLp^- (jl.Oj-l— ji 

J A^>-1Xl |_5ijAj Aj 1j C..-1 S jbj l jLgj jJjljl 1j jb— »j j^-ljl j2 I k— 1 1 2j^-j >V*A 

. J jl— j ^jA A— S^1j_* JlSJil Li l 0—1 LAjjb 02 j Aj1^>- ^ j .. ,J« (^LajI—J jl A^ C 1 j ilL^- Aj^_^j 
(_J-bJLi I jL (JliJl (-...- > ■ ,j A>oLjj- j JlS^a Jjjj ^Ja— J E > P (jll—jlj ( J-^i j2 



’i f ^ Aj l?' Aiy rj* - yu 0 U“* 

j-~ > '— 1 y' J- 1 ^ y*~ Aj-ijU* - l _ 5 ~~-^ 0 J j-JLj Aj 4 -bjl L y 'VIj y 1..'..—il ^\a~<j S^-> jLi 

JJ 0 *- ji [ 3 ! ! -^ ■ y Jj j jjj j 1 u-i j y~*> 

NL y~i y 1* .,., j I ^Ja ■■ t JjL ( y ( ___ r w I j31 l ^ ! JbjL jl-l—L« aJ> j^jL jj . 2 jj Jus I aL_ ^ a>- j—J* 

JU- jU jJ . 22 Aj>-I y-a Li C~ «l aU- j_<o yl ji (JJUJU i^wiby j eJ_al 

. C—l jlfj J-A** Aj C~~j .iy-S yi oLf Aa^yJi j-i J J-jU jl aL>- y y I J.5 a 5 yl 
lS^A jy->^ j- 5 ^ y L*jL*_a jL$j Jib' J L>Lj— 4 j y^Ljl J- 5 y.L^~~J Jj-^ l5^ 

(^Ly jl~SLj y>> (_jljl Aj . J-iL ( y (V —V) J jj^- y 1—-ly iyjy> jL?Aj L^jl c-j ji* jL^i 
v olp 1 -jA ©^L- J yji lyj.C—1 aSw1 jJ ^jJLS” aj tJjJul oJCJhJ jLlo h/cj y>1 j L i ( _ r lS , Dj 


T 2 _ 8Kdh 

q 


: C—iy jJ yj Ojy Aj jlyJ y Ij 


L^...t5 aj aJLj?U jl aS c..*I yjL jlJLi» h/q ^y»>»JL« yJL?aj <-5 >j ji ~Lui ^y jLlo a? 

JL ^ i —J ub tM OkXaaS' yjli« yl j 22^ (Kd) jlai> y (L) 

i^^jl y Jjfcl y»- Jl^iLi jlji* h/q j 2 ^I . iL^y .-^1 j 2 lj~-j I ^Jfl—u 

h/q a 5 y L. j -J (Jy yjlj jSy ji !j yL j.~i 1 ^iou> j 0 2 yi JIj Ajjju yiLj yiLi» 

h/q — Ij \ * * yjLi» LJjl ^ijt' ijl <> ■* (_ 5 y • ->jlJ >^^1 ^y-d 1 auj ^ jji 

^■h..,» jl U ; .~i l j^t' Ij yl—_.j ?•.:Jy JLJ»Iy- j^L> a.yl . J.--S - ^y OjLiS" 

• *■■■-*j_i» JL>- Aj ^jS'jdjL jl ^ a ^ AJUaLj A_i ( y»la.j AjN i5L>- OjjJoj j A.t..jl J £u iiL>- 
Iu L JLj J_dij j JL 1 y..—a j 0^ jS ojLul (_$ly -t*j 1 j—J* < —J y jjJu . .J l. .j j !y ( _^ , l jj 




JLpLwmJO 


Jyj5^ c-i Ju a^ ^ (_$!y jly y I j (T—V ) Jj Jj>- j2 jJLu ^L* jLy 4 

(FC) jy-l jj C....> jJe JL>- Aj jL^j JjIjI jJ iiL>- y«*jj-j( A>-y OJuLjj j jJ Lsil a_jT 

ajLaJwiI (H) y llw^jl ^ir)..,j y*JJ jjjLia l)L*J> Jaj!yl . 2y> jL? Aj Jk-iL 

iwjLiwI “djh J*j! j -£ ( y hjjly iyjl ajla * . jI <1)1 jl jJ -bL a5^ (q) A-J>*j J AjJij ( yJ 

aj aJU«J yi c—l a-Li ajb (V-V) JjJj^ j 2 a? q = 7mm.day 1 jloi* ^ly . 22 jZ y 



i J i jr**i 


\V • 


0 j 3 ^'j ,fcl ^ ^r> ^UjL** tr-V) JjJ» 




t a jL5"aj L_jj ^ 




q 

H 

h = W- H 

h/q 



(m.day -1 

) (m) 

(m) 

(jjj) 

^lsu- Lj 

^ JLi* 

^jj\ fS Li 

0.007 

0.30-0.40 

0.60-0.70 

85-100 

j\j L 

p\) 

Li ^-<1 -.-■*- (jL^L*^ 

j jt Lj ul*L*? 

0.007 

0.50-0.60 

0.40-0.50 

55-70 

JL. jL 

ili .*^*4 

0.007 

0.50 

0.50 

70 



j (W = lm) ^ ti'-V* cS'^i Jj-^- Ji' • *>-jj 

. C—l JjaLo ( M- ~ 5 %) JUtf>ja (5 »j Jjli jiL» 


■ 

f'J* ™ 


jll—• j J ja jjj 6 jO J*»-jl* - 

(t-»jiL> Jut j-i ji) 0^~»-a - 
jr*V- 

^AaC a jjSj — 


jjj J-> = V ‘4^ ^ J*-^* - 

jl <1.—“I OjLil* jj ^ ^iuljJ ^a iS^ji 

£\ . . i .tL 6 * jl y* m* S (h/q) ^i?. 5 oj v~,.,.<<1 \£~**~* ^aL J*il • a^-*! l _j ,< *^1 a * ■<! 

lOmm.day 1 <<IiJ ,jj& j! yr^y^y ^1 JuiO W = 100 cm j h7q = 50 ^w.-yja 

. a^*j JUkij^- Qyl> (h = 100 cm) iil>- y* ^Jsu<i j aiy 

J J JJ ur-* J 3 lj* j'- 4 -*-* (>J j' -Ojk ^j-4 ^jj' «_r!j^- - J^L* j- 4 

. aaaU^jt y** U ...« 4 ‘—'I y- y ^I.J»^*j JbL JLiL jJ-UJLl 

































































































































cj p. aVJ^j J j-yl* - r j- ,_r^ 


WT 


Aij J-ai ji cr i5' oj T -6-V 

. c~-«i (O ! -■ — ■jL i ) La ^ , | •,a‘i L ^. U .j oL*? JL-i j cjjj t J..l i «— a jilsL-. jj 

. t— ■ * * 1 -Li jL aL*J»w~* J Jl—J y—i j J J^ ya . : Xj« JL—'j OjJ.1 (_£ ^ ® _)L>" A»»—i J k_»<l ji 

^S\'X>- L Jl— L a ~ . 1 1 j >^.ajUx* <_j ja J ya. * Li a£ ^ - j ^ j d—f Jui ^ 1 ^L*jp 

«jjj 'VL jl__ JL. ^^ # jjj jJjyuj . ( \ Y — V JSLl) JLjT Aj jl »jLL— l 

Aj ( _ r l^sj aj jLi»w-j Ji ^ ^y j jl ^yL^I *__aT o-*— i. ^jL>- y*l ^1 j 

. C~—1 p-S" Jl— b aI_1Ij jL ^jL j jj JU*- OAj Aj l1—— I *£ L^lijl ^y>-y 

y>\ ^y^-L— £7jL>- j JL>- £y-- Ajj_$j 4 Or - * j 0 j' '—i-J-* Jady—i ^j>1 

J**-* £0— 1 c 0=“*j -Ll- 4 J fc > : — 11 c/-^J^. ,_r->iJ J 1 i^ri 

.u-L^yL jbj_^>-yj (^Lj *—■ ; »*l jl j/r*j lSjj jb" JbLl jjjjl L j *• 1£~aj y-L 

j ^IJU^- ®JL-i L yLL»jl (_$LfcjU»_4 { J->‘ a * (jjl ^L—d L l—> 1 Jyjjb l^Ij^ JL - j* 
oljj JL—j J •SI* jl jl»- jJ ji® jJ A^J jl J_^J H jjjl/L* \ . J jl Jj 

A? !>U^ . (_yA Ali ^ jJcujJ Lfc A«Ljj y^ y ol jl JLi» J l y-~ AI3 ^ 

: C^-I^jJ^-IAj ^oJ^jjIS'aj Uejjjj^lJe jjH^I^J 

H = 0.50m a S ^Ul/ L j jLjb aJLjj a£ ^UlJ' ^1^ _ 

• I o* jj' 

H = 0.75-1.00m jUl/ L J JLjlj aJLjj aS^ 

• o— NL Ifll Jjijjl AS - J ^1—5- 

Jbl Aj JuiL (Jl—^ ^ Ij ) L^jI Q..1^ ojjJ aS^ ®JJJ (^l+ , ljl J L$JJ jl 0 jl JjL* 

(juij jJ-ji* jl ®jjJ L JLij ®L^ Ij *^ a jljj- s -LIj jl® (jrfl azJI 

j/jJjli jlJ^i* jl JjL <£ O—jI L j«-* j j^j J ■} J* J 4 • “L^^i 

. ^ ' <1^ IS" 

: JU® 

• ^W*djr^ J^ 23 J 3 cr^ fl J jL^> 

H = 0.50m (om<«I ^ ^ ^ — 




\vr 


Jr* jyj ^ Jf*-' J 6 j J'»«- -;- ^y» - J-»* 


120mm 

i_jb« 1 » 1 i. *, y Ij e jyj ^ jljlj- 

3()mm 

(i)b“ jJ tj^-5 — 

-20mm 

(jljjT ^ jfi' y-^y* Ij) ^liljy - 


( A-iL eJui jt‘.) ^yy>- Mj 

-25mm 

Ojj j- 4 y‘^7 a & ^J> jyi» <j) (iy*j J yr^v- 


45mm 


; jl c—1 oyLp- (t|) aJL>«j 

45 mm ,, , _ i 

q = - =9mm. day 

5 days 

*Ljf J_ij J-aj ji lS^jW-*- 4 dttrr^ i^lyi ( jH*. u*JJ j) j^i* *lj 

jll jJ AS) ^ia—‘ <Jy j <Z~f’j~* (_jlyi lX* 3 - • *•— " -^ • jS- 4j jl j.>yS" MJy»yi 

i ydi ^jA J» ^L* . Jy-i !j* J-> 4-iL Jyj ij jA *£ (_5jIwLL* ( C-. «l «Jbil ^|L Jjljl 

J^S <Jy jj (_$l # jl-lJl <i jf-iL jLL jl i jmj jjj Y U \ OJl* jj JLjL rt \a.m *£ 

( y«j jyy Y" ^j3l Y O-L* jJ j y^ Jlc3—* La mJLpj Mali'.* (_jNIj l 2.o.-i ji Mjy^j yJoj y-* 1 

j}oj ijj~» (_jIajL-«_* . A-*y ^^-fjyj '4*ji j* 3 4_>- <j U 4 _JLjj *.ala-* pl*j J - * •*—-{y-^j ^jlj jl 

. c~~»l aJui mJja y (Y-V) JjJl>- jj 

IjLjobjIjJ fb - jj yl^ jl?jjL*^ ; _C' Jy« jj ji jl jj I j Ia^i_*I jL ^1 

(Jy*jj jl ojlil^l L J Oy»j ^JLJ ytfjjb oJL>- (_$L*y^*ljL> *J Ij LjJl *S jl L y 2 y*J obv< 
LajLiw yjl yjbjyj 1 * j aJua>li I jA It . JyyT C—O <; Ij 1 q .15 ej aJuaili ol^>- yA 

Xij jl ^jU- jj ^^>-1 yl» (_5 L* jL*A i J JA ji *S C.. .*1 LfJI aJLa l li olx* L MjUL* 

. (|i= 5% jW = 1 ,0m (_jl^ j) Jut Mia^ 

jl ji aS O-.«1 u > . < b ajL>- M,-» J j (jjl ajl_>- Jaj|j_i {^I^j I—Jl—C- jL^Jjby-wC' 

jjjj jl^jil I-* <•_ijj mj^I j*j jj ^ l: . j l ^j o o .>.. *~ j Oy-j JuJui Lj-J’-UjL 

a;, Jj"' j' o“{ —jl aS C-*l pjN Jaii J J-iU^ 

«JJL* ^Ij iib- ^Jo—jl jl (^^l*j jl4i* 0 .»*l J bJLii jy^J" ^a*ly-i yjl jJ MiJl . Jy-i 

*9 jrr* cr*^- l 5 4 j JrfjjL) ur~^ a jy . 4 ^ Xi’ ^Uol y 

. a ^ OI4a- 1 ^yxJa-- 



jUj, :, , , . J J->u 

jljTjJ L• j-yt- OJ l» jj S \S -Xilj J- .71l 6j ^_y l>j LjUfl ( ^ V ) J Jjj- 


^'LfcUfu j pli. juiJ 1 ^jUx; ^ijj! 

-jl <S 



I =0 

jjj 

H = 0.00m 

t = 0 

jjj 

H = 0.00m 

La J^-f- 

t = 2 

Jjj 

H = 0.20 

t = 1 

jjj 

H = 0.20m 

r 5 

1 = 4 

jjj 

H = 0.35 

t = 2 

jjj 

H = 0.35m 

La Cwj Ja-P 

L = 2 

5jj 

X 

II 

p 

Li 

Q 

1= I 

jjj 

H = 0.30m 

jLj 0 

t =4 

Jjj 

H = 0.50 

1 = 2 

jjj 

H = 0.50m 


^jLmAm* Attjk iJ fjpijie i^UbjlaA C) AAJU r -d-V 

0 .sjLm ji lj jl^*l ^jA (^ A - V jlijuU j-j> iajlj_J«jj ^.15 ej J 

Jjjij ^L*l*jjJ '-^i j-i jU*j jljX; 

*5^> OT-V JSki) i Sjajj j^i> J (xS” ij* 

^jtj ^jlji ^ tJjl-X>- J !»-—•*jJ xJL^ Y * tjji ji H j q *_aL~>«^» li* *4jl <j lj 

j jS' J-nA» L -Li j Gj-i ^ &—V JjA*- ji x>ol ^Ua>) lj ^^Jjjlj 

. J t Jujta ^y- 15 * j j& *S JLij jl ^ .^ajn_JL>3 <i^- lj 








W6 


jl j 'r' ^ S *•'_,.! (_££ 0 i$ L *- - ; 


'■ * -M— ^ ij ■ - ( jA *—3" C^L— jb ^ (Aj J J jljL^J (.,«.— {0 V ) 

I fc ) A^—^ L#"* J t7 ■■-J WtJl— A_J i * y D iA ■ * 3 4 Aj - J J 4 L^ A i«j J J J 

. (la- 1 W = 1 .Om ej ^La--* 


,yLwl ^do— 

j <; C^-J 

q = 7mm.day 1 

H = 0.30m 

q = 7mm.day 1 

H = 0.50m 

q = 10mm.day 1 

H = 0.50m 

0 .00m 

2 jjj 

1 7A7 

0 7 J 7 

< 0.20m 

4 jjj 

2 7J7 

1 7 J 7 

< 0.40m 

7 jjj 

5 7J7 

3 7 J 7 

< 0.60m 

12 .J7 

7 jj7 

•** 7J7 


^Jx- H = 0.30m j q = 7mm.day 1 b (6-V ) JjJL>- ja ^-yJL-e -Mj-d aA 

JL— jA JJJ 'f t Aj! ^4 'JL L JL- jA jjj V OJLb 4 j c(j A—— j —1.1 jA ^jLAwI 

J ^ty* ^ lSt~* */^ J-** ^ a' aja V 4 a j£ <y* a't* LVa ^ a - i j' ii>* */3 J** ^ 
cSr* * / ^ J** j' y °'-*J* V< J i_r* a't* cS^V * /^ «ajAa»^ ja JL- jl jjj > Y 

OJL* <i I j ^yjl- ~ .,..il ^lx— (JA^j Nb AJljJj A_^«i >A. .A ^ *j jA <-!■>•* I 7I y ^aL_? Ji I . >,!,..«■ I 

J_jJ Ajj4«Ail^: t _ r *H = 0.50m j q = 7mm.day~ l ^UjLjw xS JL- ja jjj ja b <Sj 

■ **J £ ! J 


dj <s 5Uajo Jac j JjU AiLc |*y fc u&mJj T - A-Y 

J-y j (ja) l _ f iScj Jjli aJL* f*-*- sj ^jx>- 1; jL^xL cJL- ja ^j>-\Jp ^UjL-^-* 

, AJ y’jiA J*i ^ e J^J>-A JLa jA AS" J jlAi» jA ^jI Ijjj . C—I <C—jIj jJ (W) ^tS ej i^L-* 

s (j-iL JJ>- L. j «j *j jiLLil j - j ba^S" Jj y ^Lwl ^Ja- J-a» ja 

c^Jl^>A j ^Aj»j ^^Aj jIj ^A)jL“ L ^La-jI ^ua— ’ “^^i ^Jji ^ A <y* A^ 

^Ja—> OA—«1 NLp OjAj a_S^ ^1 jL jlA_i* <^tXJ jA A—— L> >-^7 j-? W 4-S^ C...-I ^iL—j j\ Jt 
AA^jL>- L^_Jo ej AL .-j Aj AjL i£ ^^j“ 7 * A ®A^J Abj A—- JukiA i)L»- jA ^jii, t .,..d 

. A^*A AjbI y*- <xJJ6 Q jjaLx* <S jJj ^La W ^ A^^ ^i • 




vilri jjij (q) <AJ*J (?-V ) Jjji> 

( ^ ) jj - ***^" * J ^ * 2 *^" J (M ) 4 -X i3"^ ^ b* 1*^^ »—iijL>vo y i Lo: 




jjCS’ »j (^b~* ,J-*x W 


0.70m 

1.00m 

1,50m 

2.00m 

^ = 5% 

1.5 x q 

q* 

m 


(J. — 10% 

1.2 x q 

0.8 x q 

BS 

0.5 xq 

4= 15% 

q 

0.65 x q 

DH 



(1 - 5% j W = 1 .OOm jjlJUU-.! iajt jJ> jj * 


olyi 1 j tj (> 15%) J—> L kSjJj (i jf I a£ ,>y»j oljj l y^* ^ 

. jc£ t y* 1 jl _i ^LaLS ^/jujL yl ji 'y L j |x b \yj 2y+j >L>«jj! 

\S<^ yi jLw 1 -iAS - t^J lS* Vb C-P T ***i ^ n " “ (< 5%) jx jjl: pS L 

. iy >1*1 y>u q Aj Juib 

<=.X—»,« jSi (?—V) JjJL_>- (_g.al ^i Oj j —*#<i (q) 4_JL>«j jj W j |l o!jJI 

C«. ■«■) 1 j 0)0 I j ■ ; --»■ »J <S (J jJ^>- . 3 jS ol-d — — >1 L*JLaI j »jl y& Aj t)l jl (jlyj <S C»—“l 

JLil ^ jT ^Lc -*y (T-V) JjJL>- ^Lijl 4 S t ji = 5% j W — 1,0m ijlJUL_^«l cJL>- aj 

* _L*J [x = 1 0% j W = 1.50m XjI—« ijlJijl_ z—~»\ j .. .£■ .bjlj-«J • «Aj&j Ql ,1 ,i 

q oLjji-J y»jS jJc»y A_y 4->~y L . JL-iL 0.65 x q = 0.65 x 7 = 4.6mm.day” 1 JbL 
l * ..■.. i L. y ^ jy^ {j* ^- , j y& q (_ 5 j j a 5" ( yL>v>i.^i y I (q ^ — I /I.) lL»~»I — 1/L L> t_.wUc« 

tg«jr jj ^Img £&£ 9 r — y 

j\j (W) {> y^ *J 1 (H) ^ n “ ‘ 1^*^" 1 ~* jl Aj 

C-l* ^jb , C-i y jb Ai-^sli (J lf-15^ e j jljj J ( \ “ V JjIj i y t (h) 

W U A S i yj. tiy AX^sJ ^y\ Aj *£ iy y$ jj - ^ ^>J i ^... 5 ej ( jlj1jjl 

■> y>- AlJl A^ . CJ £ J-+S Ij q j Sjy*j 0 JX>-S iib>- JJj yji l J C-Jybj y-ibj jt Jub* jljl ^ 
aS - c—> ib Jtoj jj 1 j AiSLi JjL L*_^9 . ^ 1^15 «j aJLm»U iJu>»> 6 






v 1 V dr ~ 6 j i5 b -» : -:- ^ - (*^ J-a» 


WV 


* J . ' . ■ — « ^«i I jjj . A** -LaI^>- La *^JjA -> y~* w-'LiLjl ji /^-jLi »_) (_£b~» Asj- 

^ T- Y/ j Lj • -b—<L y .. 1 .,.i jL^I ji La J^j v—„^ aJ _• d ~ - ^ y ^_jjLi>- 

jJ jl ^^>iLi ^jL^al ^»-jl_>«^ jf*-j\y>- Jbl^j ' j -*-S oj aJL^Ls jjl—j j\ aJl>^L>- 

^ VT L* ^ . C J j Al Aj ^)l j~****b LjJLS o j jj ^<4p J JL-ilj IfrJLS aj ji^S 

J jy** jJ jLS <jj l“*l •iiLw^ >—....a j jZ—* T /& jl ^ibo jo P jJ Ij UaJ jl 4jf *ijjb 

Jl i JU15 <JI>1 ji ill>- (_^^Uj jlJuL* ij->-j) jl^Ii Jl^«il jl ^U*- jIjjj (_jL^JUIS 
o.—I t Lf^S #j U a_~JJJ ^jj . (jl j j j~yj jpj je 

aI»i»i«.~i lj ~L*lji Aj Aij jA Ol !_JS Jbjj C ^ T — V) J^~i . JLS ( j4 ^jl^jl Aj JL*I ji Aj 

JojI aS ^L>- Li JjL I j l fr- LS aj ^JS Jj3s Aj * “b® J (_/* jt-LLj APj ja (_jl^iS aj y+A jil Aj 

. > _ < A I j-o-P lS^ — Y/ j Jt>- Li ajb»-l ^L>»-a 

i j! J-o jt^p -Ujl^ i^JUo 4JLS Cj <>—>L>CjI aS Jajlj-i ^ a 

0 lS V fj' V ^ «■ j>* ^u- 5 “ j tS V J** : J*** P *3 j* 4 - ^ 

^L;-> jl XIJj (jf «j ji ( _ f JLSaJ (3^ A-~j^ 1 j--»-A Aj j A-iL jJU-S^ jl ji 

C.. . ^ 1 4 d l rl . * Lj 1^"“^ 0 iSW* ' *^l^ j jl ji ^LS a j 

I j ^_.^j jl aiLa_lwjl J J-Aj y ^Laj»jl -bL dd d y ~0 jfjl j} • ^-^Lj 1^.,,- j ij L 0*1 J-* J-*J 

. jb j\y a>- jj 



Uk AJuj* ■ i mi j I j il S’ tj j I ■ ; 4 d ‘ r ' Cyt 1*4 aIij Ij ( ^ T — V ) JSjja 


<-T*^" 8 j (jbA^—i ^Ijj J^IjiAj 




U'A 


tj ,jL» j - f>-> cr^ 

kjl^bl jijLo » ; J e .-L .M ^l-A A~L»*J jb»»jl d-C-L) ^ 6 J jb-f - j^_^ L : b*ii-w 

. . ^ - ■ V ^y Ijw 0b y>~ jl 4^3 J& <u 

^LiA . »Lib Ju AAjtS- b . l. b C wl yx>^Xj> yaS- l5o ji iib>- ji(_$! Aj^/ : jjli 1 Jtut^al - g 

A_£ ^L* Aj"V b J eJ_JLi 5\>»j (_gL^ TL>- b jljjbb y*X (_^L* Aj V (_^JJ -bLJ ^bjS” ej (_£La aJ^J 

^jJbbi yu L-U^j iJb^ Yy£> b Y Aj^ a5 ^LjI j—* J" 1 • 3 jS aI—<1 1*5 L$jT (_JjjJb^ _jjSj 

( ^|>-b y jb*L5 Lg_JL5 »j a5 O-aI jl j Zy .t..ib Ali j£ jl y ^jJib j-^> iJL>- jl (_<jl AjV <_£jj (_^jj 
Aj j/ jl J~ij J V b jJ ^jjjij—flj Aj^ 4_>ob>- jZji y-j j\z> jl . -b j i. - -*AJ jjJbbjj J-—*-’ Aj j/ 

. J j-i w • ya . i j^>-l AjV j.5 IjJLS’ oj Jbb JLib ^jJubj jAi 

i 1 >■ ) ■■ I L ■ t -* I 1 1 ■ - w I * 4 OiXmJ J ^jb (jL^ 5 L^ ( 5 Lj-b 5 «j s-jl^bl 

. aJUJ j ojj«J jj^j -UjI 

j! La A-b.Jj An —k y A ala»4 J eJ*X iJb>- A>- jl ^!Lj A_Ju>«j \X~C- b P (_gl^ .15 sj I jY »if> <fgQ — £ 
jl »LJ jb~i ^jy i*2yj\>j <5 ji . J y ^ j Za .5 

. j j-i oblAf^Vb ^b-j' ■ 5:> ^ ty <j^^' cr^-5^ j' jr* 

J- 5 *ji ^1 J ■ 3 ^ i t y* J-^ 13 iS^S. (j5l4-i5«j <cJl 

. Jj-i (_J jSy^y- k_jT £j y*- jl b Jb yX i yt Albl.l^Cj Jj JL~ t 10JL5~ej jU~~jb ^J.sA.1 

b» aJ jJ j^U i_^«i jl5 Aj ^blL* jj a 5 Vi j^wib* jiSl : Jk 

. C—«l ^ — ^ y Y IjjJL>- [ ^.'— ■ <L» y\ j\S y*- f- . JJJ5 <_■ ■^i.'i j-l<« \ / j jl j ^.5—o y*S- jJ lj 

O^bj jb—-! ^ ‘'-r#-' ^jW 3 Jj - * (_^^“ L$l-§ ~ ~^b» y^bj 

LjjT J^ 3 ^" j*5 l^_JL5 «j <5 O-ib J-b A^Li Jjjl Aj Jjb . 3 yS yt 

. Jy~X b j-~* * y jl y~j>S \j l<A>- l ^ aj yaS- JutLi 1 JlJ C—*1 ob_? (_^bfc aJLjj a1« .a j Aj 

. J-ib iibi jljJ-itJ aijJjf^A jl y\ji \jb *}j] C-. Si.’ y** -^jb jb jy 2 ^jbL* jJ 

\j2 oj A}^J jis >} ^ ujo V— V 

i^jj jks^ L* aJjJ ji ^»>l jb^jy- ijl-bb»*il ^r 3 j j Jl~a il*jl l j» • « i 

<Jy.j ^-riy^ j (d) J°* 1 0) 'r^r—“ ‘*r— ^y. (Q) yi* dyj j-i'^ 3 • (_r* 

A5 ^jjI^aJ^I ei'^jb Jjb^jj*j k_jbs<5 (JUaJ^J Jj^. y jy \. «wL?w- jl jlj^ 

\j d<J• C>■ *^ ^ *-L>lj lj C-uL L^>t 



V ^ —'■ J _r^ J ^ tS j-' Jllf-J— r^Je _ yJi* J_oj> 

• o-*' tj -Jy^sl ijy >jj aS o~*i Lf ku\j^j*>-\ oJb»- . (o>ly^ y*^ 

> jl oUtf aJ^J jj iS^y *• ^—2ib jbj _>- 

i_£_ 2 L/*_ j _ 5 j r _ 2 i J j-’j-i y< Jigj-* (jL*^jJ jj j (Darey-Weisbach) £-L r __ i j_ ( _ 5 _jb 

: jl XJjLp aS ejbt-J (Chezy-Manning) 

cJL^> Q = 50 d‘ V’ S/ (Y\-V) 

Q = 22 d 267 i°' 50 (YY-V) 

(nt .sec" 1 e.— ^j) ^y 0 i IfJ yj jJ 

(m)^jJU-b jiai d 
(m.m ’) jj-Jy* 1 

L$jl jiii j y—A ^y A±—Jjffy> L® aJ^J J^-b ji JL,> i\y J OJL- xi >— Jy_~u j ^|J j ^ ^ y—A. t * A 

j jin', a j yA (_$1 jj . i y*Lj jl >«jl JiSLjl e JC_)I jJ t_d *T ^oj Jl lj j j_i c_jL>»_IjI jJL 

V rr ^ LiW^>>> 

. .> y*z y> <*j j~y c~—l * jl-bljlj ^^S\y~ j (_$Ia aJ jJ Y Lj 

^ ^yy <_^1*aJ^J jyJ, y> 1 1 jlJi_- 

OjL-C-Aj) W-b a]j] ^Nb ^~y >-■■■■ » « * ^1—<1 'Qwgjil^/^ 9 

. (* «JI \ j — Vt j jl^j ^jiLs^ljUij a 5 (jl jj-bJ-ib i^jIjIjj AJ^b^Jl { y y ^*y 


■ IjASb jLyj (ciJO 

jb^b^ Jai- 

ijD’L 1 ji 


<> t .. f y iZm. 


jbj* 1 1 v ■ 


in . 

JfiL>* ** --■ »2-A 

(l) jl lj-_l 4^ j jj 4J_^I 


^Ljl jLii 


(max ~ 0.4 H) 


.. .> I I yS^j^y. j C> > L^aSnj Jaj Ij j j —a L<. .t h> (\ D — V) ^L^-A 



v _ f AS • j y —r “-1 S - (*_»— w 2 -; 


: JUa 


< <i -dL, in! 


. -_.« I jj j ^i_w« -ttj! 

. oL^ ^yyi ^jj jl (La ft j sjS jy£S j_^La 4_S^J _ 

. -W> jj • / \ * <3 jJ in>- <~- ^ 1 — 

q = 5mm.day ^jL»«Ijj a_S" ^jjl ^ .,*. 5 ej .la,.,*- j_i *j jLzSLa Y * jl >—>1 ej _ 

• ^ ^jL>- JlII «JLi ^y >4 

. J—> JlaI yr- A l ois' Ju^ jj Y & AjJ^- (_£4^->j^J J ^|-Ja ^ La <JjJ — 

; jl c—-1 o>jLf- ia^ (jjLjiil ji <J_yJ 

q x A 


Q = 


-(m-\ sec ') 


1000 x 3600 x 24 

* ~ L ^ L5 4 m y. 0?*j A ^ J-> 4$ 
A = 200000m' : ; q = 5mm.day 1 oy? 

Q = 0.0116m 1 .sec” 1 

iSjM Jr 5 - 1 ^ ^ u*J 
I . = —(0.0116) = 0.0155m 3 . sec " 1 

design 0.75 

i. *£ <«^L>«^ 4jjJ jjbJ jj _ jta J y+j iSjJ 

2.71 0.57 

Q„ . = 50d i 

design 

I 


d = 


0.0155 


0 . 57 


2 . 71 


= 0.217m 


L50(0.001) 

. JLiL y» Y Y ol j J®* a £ »_jL>«1)1 Ij 4 J jJ 4 jL» j^jI jjL-j 


. , , , 2 . 71 . 0,57 

«-»U> ^jJ <£\y. Q = 89 d I 


gl^7 

(Yr-v) 



' A \ 


fir* JjiJ s -^ JJ ia"* ^ *~'_y ' 




j'-> nr l 5^ ^ ^ Q = 38 d 2 ' 67 i U Vl (* T-Y) 

*—- w Ja~ijO* I j SiiJ <. a. ~py C*s~\y£ij jL^ ijy> ji jL_» <S” Owl ^y2\-JLA J j Q 

n_J^ y^"l , '^ > ' ^ i^l-Ld ji yup jl 4P jyt 4 J ^L® ajy j\JlAa . »■ * - -^-1 

Jaai . O —-l ^UjyP 4j Jp 1 jil . JjIj ^ jijl j»1 jl ^Lfjl o . * — . » ji 

<S <0jJ ^L^-lil ji) iy* jl-LL* JlS\Jp- 1j ( 0 —I j-a~p ^yi <S aJ jJ jjlJOil ji) yLp> jl j_J 

i-ji jl y ly>~ j*U; jJ *Jy *S iyj. y yij ^-\)p ji ■ JjL^ (jljljil (o-l 

jlJLi (<_j T j—V) jyb jl . 0 » »»iI <JjJ c.aa.i ]a&-y t j_iaJ«* c—i Jaj- j 

jL-JLj tfjlxi. 0-»*j t aJjJ ji jl j~y ^ 4 - 1 j->- j ~ « ~ a ^LJ ji <J jJ ^JjLIjs «_>1 Jlaj 

• ^l^yU*! 

jlJLS-* a5 JLaj jLlLi 0 *®M yS^jy j oJl>- ji jL^->- jj 4 —jLai* 

V j bj-b- JL*J jyr >_r~ j 1 -^'y ls* o**^- 4 ^y j o IJjl Ij apjj.^• oj ajjJ »-^ji <5 ^.s 

• b (_jLIj ^ij^~ jz 4 (Jy^ j j ^ Owl ajy jl jJ 

#jsb jLoJ j^J o ijy*p <o o->-ljiSjj—P ^>- ^I^j d j ij Q -^Ijj 

*£ j£\jp- jLib L . •»y C ^jA <ia>-“>b (^ p-v) ji i+iiy* (jit ji ■ o—i •-hi 

<—■ -+«<* ^3 m *Jr** (^i^J = ) 0-^*1 

yj JLO. Ji {y^r* • ■ijj'Ow0 4j \-p\J jj iSjj j' b <5y Jei o\y^»j£ «j %J> J 

• L-l jr^JJ 


k> ajlw* iaj 


:X JtLc 

jl j-i 


• 1 —‘’y-JCy* - 

. j <dLc*li Ij t^Sj^y ^y t_r — 

• 4 y^»j<i'><jy^y- 

. t u<iyj>_ 

. q = 5mm.day’ 1 - 

. i = 0.10%<iy vr^- 

\ ii ^ <y*\p%* yj J^jyjl (Q)-jy tjLfil J-5 jloij 



,_r~t Jjij 


- 




at 


- c l x A ,- 1 , 

'<■ - - in'. day 

1000 


JlL* ji . ^JS oj <d ji iap- ji c~*«- j (m ) i^ e j *>j—>1 <_jV“ j A 

A = 200 x 35 = 7000m 2 ; q = 5mm.day’ 1 ; <j y 

Q = 35m'.day - L 0.0004m 3 sec 1 jaI y\ y Q1JJ 

: jl iy AaIj^- OjLp Q dcsign ^ j&> y <->y* j <j\y J\ 

Q des]t , r = 2 x35 = 70m 1 .day 1 L 0.0008m 3 .sec 1 


A -f' jb ^ y» j!i ji y£jj~S' ijL^>- *3" ( \ P-V ) yu jl a^l i T.ol L 

JL. ff bjJL>- <3^1 JWa >ii = 0.10% jQ = 70 *ljU c—l .jlS 

y . c—<! pi jlS" (»uil) y> (jl jl jj-> ji *Sj ^jbmj i^l-® *3 jJaj -Uj jqL 

»j bc- J J**) <Jjl* i J^ r * A* L (^^U-b ^Li) ^ y -*VY ^U<3^3 jl jjI 

. wC.. O L C . .-■ ' (^jU — j^*J ^J^b-a yAj ^ ^ J** 


2.67 0.50 

Q, . = 38d i 

design 

I 


d = 


0. 0008 


. 38(0. 001 ) 


0.50 


2,67 


64 mm 


JC»I (Jl. .«Q *J j\iy*j j\ *S Q. .<1 ijbA *£ 


JJjfd WijUi® jlai iS iijt bpktSy 

k j j j-*— ^IjujI ji <3^J ^k* ^ j' ^ j jj £ (^0* <3^3 j\y> y 

IjUjI *S C—1 iji^k ,ji I <1 jb U*JJ • jil jb <3jki i»^l jJLl ijij L 

• ex' J*> J> jr~* r ♦ j Y * J > ♦ ^1*jiu 4 J^ t- ^b•*■, , * o^lJdl Cu 0 ji^ 

j (q)jji-ib j *]»yj -0 iSJJ jl 3->«jl*0l jl <djJ J 

Jjk j£Sl~L»- J aj b'. .1 C . m l jl<3jJ jj jl Jaju ^I . -L»1 Ow<J 4 j La<3jJ <JL<»li 

^_<jl—jJjk jlLS'l-C^- JUiL jiaj 2jy* <J ^ ojlJdl j-^l j * / Aii ( jj_^s jj Ij «JLl 4 ^....^!>«_>■ 

^j-.-i>J j . Jbl C..O Aj 4_*kl ^A JjJe Ij p~l5 ^ j-b> */V<j Mjj jj lj a J_*l C.—4j 







■r^ j-*" 


e-0~*i J^*i_yj jJj Jll* )J 4J^j 1 J 


4V cV^i >* ( mm ) 


i_iL« ijl**.'^ 


* # <? ■? & 

7 7 7V7 7 / 77~rrf 

050 - 40 / 70 / 100 / 150 ,200 / 300 // 

// ///;/////$> 

020 4 / / / / / / // / / // i 

/ / / / / / V / / // / xj - 

010-/ / / / / / / / / / / / O. ' J.. :..Hj . lSjZ-i i 

' / / / f / // 7 / // y 50 ' 

005 - A / / A/// '/ / / 

/ / / / / // / / // / / 

C 02 I— 7 _ / i / i /_t2__ / i /. i // _ / /i 

20 50 100 200 500 1000 2000 5000 10000 20000 

u* 4 ! m 3 doy 1 ) 


4.V J-*' 4 >> ( mm ) 




,Q> <£? 

V 4 'V 


40 / 70 /100 / 150 200 / 300 400 <§> 

'/ /////!/;/ //i 


Jiry u«MV 


50 100 200 500 1000 2000 5000 10000 20000 

^ 4 {m 3 day') 

-* *//*> I0 -- 


*iji J>S Cftt ju r \Jji(\P-y) JSV: 





i * it • Jaul \jji 


^U«jLdl . oLL-l yyu <JjJ jl jl ji 

• -^j'- 3 ( t A>-''>) r* (_/>'— ^ ' j ^6 t \ • 

■ *"•■■ * 1 * / Y La <J^j 1* - «j y* t .. .* _ 


! 100 'ri 


J^*j 




E 


200 m 


A^->~ (_$l* 

V £j-»3' ^ 

jij 

ID = 10, 15 j 20cm 
q = 2.0mm .day' 1 
( _ r l£ oj ji J j*ju> jl JbL») 

(iSjJ -i Jj— Z3 s 

i = 0.2% 


L» . y <r"^ ,w * i J>-y (^UjJ at jl <£jj* ^s J ji> jS\j&- Ijljl j} 

J 1 ^ jj *i Jy&y$ tJj-^ j* ^ ^ <S ^ a*j-* J ^yr <-kL*-* jl 

* 0^3*' 

(jr* *JjJ Jot 

10 15 20 _ 

434 1302 2839 m 3 .day' 1 


2129 m .day 


-i 


(yyj ^ l* -d^l 

Q . = 89d 2 ' 71 i°‘ 57 

design 

Jr^ *i <jP cA* 1 ^ -^J- 5 * ^ ir*J J&J* 
Q = 0.75 x Q design '-?y~‘j 


326 977 



\A£> 


JXJ 


\ jjl‘ 


L SU 


J-** 


i63000 480000 1064500 m A — (1000 Q)A] ^^45 aj ~U.- 

408 1221 2661 m A/400 = JS »j aJ^J J> JS\j*- 

• /V 0 Lfc ajljjl Jj—i 0 2j) jLS' 4j C~»il jl aJ £ jj A-* o j->" aJL— _a Jj j_a jJ 

; jl c...J o>jLp j! 4>«-i> aS 1 i ^^a 4_> 


. 1\ * aJ^J jl (T * A jVO) ^T • 9" \j • K _a j-^- 

. j^^oUl-I^^L-Y * aJ^JjKNYYY jL^ji Vfi)^ 

dji JjUu* W6* jl YfM V6) W&* U \\? ^ 

. ij-i Y * 


fij ^LfcdJjJ A—V 

Jj^S j^ 4 -* l Sj~$ 0 ' 4 jl Jijb jl jly ^ 'j ^r^sj (_jUaJ_P b*j£ JS 

• ^y ^ Ljjl 4 j > ' J jljj l _ J A UaJ ji jl j& ji ^y *-iaL 4 a jl %*. i 

aS" ^jL^LajLLa j-~ ojljjl (jjyIs jl ^ La aJjJ jLJ ji J'^LsM <w— >~y* *S ^jLaIp 

jIjcLaI ji ^Laj j-j i waJ aJL~jj Aj j* ^jl . ^ ^a> » „ t a j jta *-^1 jO j-=f- ^>-—a ji 

. -Li L j} Jl o ISLa I (Y - V j ^ V—V Aj j l* £-^>-j ^ 4 js*~* 


aJ^J jj -ri-jj- 

| ai.- \jS j\£ »j 




^ ,jlf <j *J J Jl > 



jiAjj-taJ <ii ^■ r^l i 41 —-_■ Aj ^ IaaJ^J _j * ^ j * ^ V V ) j^whj 





■ A?' 


U •li'-P'- jjH*A_<a |JJlA -iLJ^j'i w’j Aj <i o «-j ; ^-.*1 J ^4j j-i_i v_a.! j '--a 1 ^ L~_j b- 

^jjL® AAj? Z yj Aj >_'! J^»_jIj jj_j v 4i d* S ' . .J y i ^*Le> "r^ j ^ja_. jZ * >1 ,JjLr.»^ 

J£jb. jjlUli- .Zj5 ^>^^±j L L Ij JSjl» jl y y> -Lil (hardpan) ki^w 

. Zy> i y ^I^«jI <— >y&y> Jajlji oN”l ~L»I j C-?j jjl jJ 

(^I&jLjc ^ ji *_jI ji^Lj c_>jLi- : T cJL~ 

ajN a£ j I L c~-«i»j-i *zjj\y .ibj ijU»- jJ-X~*= ojI-La i_ -ly* Ij ojj»a ^1 ji . 

ej k_^j^-*^ 5 Ij <■ *-•■<•' Ali^5* jl«JL>> y&j* A»jl Aj O - - (_g^ jN Ij ^Lijj! jZ Z j*4j ^jL5 

oJ—i a^Uw I 4 w^T e j aJu*»Lj jl <_ >-Aj jl L J 0 «jI CwLi AJJ 

y.A > yjj i» jl jlj-J^y* IJ ^y*-*l J - jljj^ ijjLjJL^jLLji . *_1—JI t>Z yj Jajl j_i jLl» 

^1 «lj . i j *j I j*** <+* jl J-lL 0.7D j>\ jt b jJl>- a S (_jl AJu^liji ^Ljil (_g la y^jj^ 

■ '' <yU»i c j 

^Jl ji a5 ^ ^»^->i» jL-j • j aj <—*1 jl^jf>- z jjj jjl y jz JUJ_j c~«jli« ; V cJl»- 

c^ L a. m . « l ji . Jbl ,_y> Aj ■J^iJ^’y* J^r~i 3 y~* a 5 AjJly J^b Ji JS t j 

Jj<L ^jil ^j^a-P jl j‘.t..> jlS^ j-a^P j£\ aJLjI^j ^jfl>-j j Jj «j jaJ t-lj'i/1 jl 

a^LJt a5 ^1 _^j> ib ^U»3l jljJ (_$ jlS^ ( JSCJLj» ^1 }jy* ji . * £ JJ>lj->- jjjj J^b* 

Jajl y) ji aJLiI y (_j^^ 8 J I-- -A> *S C x < jI (_y J jrc^* Aj . ZZ^ klj|jj>-l (_g Jj.1l > - 

J>M . ijb ijLjjJ Aj (_5^Ijj <-^1 (®j—#■ J jj^JajI-J Ij < ^jl j --~jl a-> jj_^J ^Ia) 

i ,y ® j jJ^lj Ajt_jl i jjj jl (_$ j^*>- «j~ pL Ij-itlTej >_■ ^a) jz aJ t>lj3»l ia 

. Jj! Aj j^>- Jajl jjj ^jjl ^jblj-j jl JL>- Ij JjIj a S 

^ jJjN i Aj aJ^J ji jLjJ>- ^*jai ! T d—J 

ji yj Ij I j Jjjl jljj JjbSJ jS J* ^1 Jj>- jl ^^j ji_^j 'V Lj- 

OZ J% yJ Ij I J i>fc» 0 j (jL-4 jly a 5 jl Ij j Zj *j k_* ^i»^J Lfjl y yy* Ij ^ 

• kji _y jd^i 'j uT^ °3 <iW*3'y a 5 jl t J Zy Jtjioy jt ozjzy L 


J^-udl ^3 L-a^ I | a*. ^ 0 ji i^w4j aJl^ J Aj) <._*■«aa 1 *—J L^mZjl 4 J^J jJoi — 

■ Lf* ^j^ji 

JLal J CJ J y\ jZ l _^Z'~- _Ij tw—» jL-»U 1 . _ <aj Aj r ._ —4 t_$l-* A_ijj jJ-l I J->~ j*-* jl — 

jl ^jjl j_>- ^Ij I-* aJ^J JjIj All - a J^jl J (_$1jj) oV( 





T*' 


£>-r^ J-** 


UY 

. (.i.5 ^ ^y« aJ^J ^|-»-l.5 Aj o-LuS” J—»j aL_* 05^ .ijlj 

La aJLjj aJI— «- . jubLi" aJLj^j Li j ^a1 ‘■L j L-3^ y J <S*^ J i^y aL—.. >< j Aj aJ ij-Li ^j _ 

jjLi ijlj jl . -Li La!jp~ o^ie»y iy>- Aj JJj-i > — jaj | _ L .».c- oj (_j!a aJ^J ^*1 

. ijjl ^j-a—£• Aj 0 -*jL»A La aJ j} Jj5 j5 k——>|L~* jLlLa a! . — IJ Aj LjL J—i J 

. L • ■*! * JLi i^j>«j ^y— ^., <3* 0*f ji L> W-^JJ J oL ~Sy t—>y-* j aJL—» 

vi->1 Jl»-! (JU- J5 Ij k-£j) Jjl ^LjJL-1 j5 I jS\ .SJlj^j ^ji j Aj ^iS o J (^Ia aS>— ijJ A^ ^y^L^JL* 

ij— Aj |*A AjN l— 0>l j- o-aJ j -Ij-i 0> y ~*< ^yly>«J Ll ...i ajj.} Jy! ^1 j 0—1 £-yip 

. J— LaI^>«j ^L>mjl ^ ^ & aJL- JLmj j5 



r- Sy,J *^y J £ -y* - ry* J-*~. 




' AA 




van Beers, W FJ 1965: 'Some nomographs for the calculation of drain spacings'. 
Bulletin 8, International Institute for Land Reclamation and Improvement, 
Wagcningcn 

Bouwir, H and J van Sci hi.fgaarde 1962: ‘Simplified prediction method for the 
fall of the watertable in drained land’. Paper presented at the ASAE Winter 
Meeting, Chicago Illinois, December 1962 

Dieleman, PJ and BDTrafford 1976: ‘Drainage Testing’, Irrigation and 
Drainage paper no 28, Food and Agriculture Organisation of the United 
Nations, Rome 

Dumm. LD 1960: ‘Validity and use of the transient How concept in subsurface 
drainage'. Paper presented at the ASAE Winter Meeting, Memphis Tennessee, 
December I960 

Ernst, L F 1962: Grondwaterstroming in de verzadigde zone cn hun berekeningen bij 
aanwezigheid van horizontal evenwijdige open leidingen , Verslagen van Land- 
bouwkundige Ondcrzoekingen 67 (15), the Hague (in Dutch) 

Hilfr, EA 1976: ‘Drainage requirements of crops'. Proceedings of the Third 
National Drainage Symposium, American Society of Agricultural Engineers, St 
Joseph, Michigan 

Hooghoudt, S B 1940: Bijdrage tot de kermis van enige natuurkundige grootheden 

van de grand, Verslagen van Landbouwkundige Onderzoekingen 46 (7): 515-707, 
the Hague (in Dutch) 

1LRT 1974: Drainage Principles and Applications, Volume IV, publication 16, 
International Institute for Land Reclamation and Improvement, Wageningen 

Luthin, J N 1957 (ed): Drainage of Agricultural Lands, Agronomy Monograph no 
7, American Society of Agronomy, Madison, Wise. 

Wesseling, J 1973: ‘Subsurface flow into drains’. In: Drainage Principles and 
Applications, volume II, publication 16, International Institute for Land 
Reclamation and Improvement, Wageningen 

de Zef.uw, JW and FHellinga I960: ‘Neersiag en Afvoer’, Landbouwkundig 
Ti/dschrift, 70: 405-421 (in Dutch) 






-Lil; Jili ±AjJiS»j (« ' •’■ : “ • ^ 0^ ^ (Qjesign)^ 9 ^ 

^L-l^ S lj*~m> ^jb 4..<.<!IJl 3 t. ijL~*i lj Juwi_J> l jL^J’jJjL j! ioUIjj 

• iS ^jy 9 < *^ a ~ 4 J?^ 1 j 

Oj4 j Ulf- 1 pU«jl jl^L-l j) j_j>- 1 ji» *& 4 Jb-Li jl aJL^I^- 

L ^Jj ^IjIj ul (jl—*j 4 j o -.-.. — j ol_^-*j oil j_£jjJLa <S iSj+b *i • ' <^*0 

. O ■ •«! jjL l ^ J L > ji ^0^ a >" 4j ■ 0 “~“l c 5 ^ V *" 1 ’ ^7 jl ^i Ira J» 


l^jf/^jjy^ 1 - A 

l^JlilS^ «^J jl ■—-J Ji 4j ^^JbjU (1)1 Jj *S O—.*1 (_5^ -Jbjl ji 0 

4 »UjI j_» ^1 jj . ■>:> ^ 4 i la~< 0 Lj 4jL>-ijj Z jlj ^l_»w! j B.i ^S" j j . P 

^LjJUlS' oil ^S* jjJLj* ^r-—- J ^jy J 9 "^ (_$i 4 -LS sj 4_*l ^jjJIohj ^JjjL t_il ^jjJLj* 

. a £ uy-* jJj-i-4 4 k-Ssj *>-y JLiis L 4 (_jL*4>i ^yLS^tj 4_ii jjjo* .i&T j y j r 

(m\sec"') JLitS - . Juo^jLiJ lj l+il ^ jjj—j.TXj |jJ 0-A) sjL*-i 



0 


Jjij ^y. j - f j 


j OJjli JuL ^Ll jil —J <*Sj jj JlilS c ■ o. »■ <i <£■ j'j~* ^l>-b <S W- 1 ~“^ C J J 

oJ-j iaJLi ^J> Jjjlj tJ j— i jj j —a ~^y I.sec ha ! L mm.day ' y ^y 

Oj^ y>) j£ OS' ^y I-Oj ^Lil jil e-O ^-JLS” «j 0_^>" *• !•— I 41—ib 4*bl •O’k- 4 
. -US l y (Jjjl ti^ ^JLA ^JJ^j JLLS C. ^> .- Aj aS 

*S >_>1 j£ jjJ^a <> i yj [;...i <<Jj L i ol<_SL ^)j aS o—b JuL 

£*'j J- 3 ‘ ■ 5 >**' <_r* si—>I J oi *Ji 

Ojj —0 ^J~b ^ b$-*lj-^jj-0 —a jr-*b ^ ■ : ■■ * ■ ' L ~j • JuL* (j*Li OuU i o—1 obljj 

• oLj>- J-jLL* ji l$JlllS 0-4 j Li,* (Sj^t J j l$JLLS jj oT oj^« # ^^Su i ^ 

JLi Jills' Jjlj t£>-j_S j^LS * j JUS tSu jl , ^ , v3. j uJL ^ til jS jjj^y * ^x* j i_S 
. jj ^ j' .^~.— j e J— c j~>-3 L->j-« jy JUS ( Ji*-b jJ ^.i jl (_^jlOL« 

(^l ^.*.,ll jJ JliLS j£ -LIS' ljU J jl» S_il^_^JjJLA 4_lf <S ii t— — j J-»_P ,jjl 


. 0—1 oJOl eib oLlo (Y-A) J-il ^y*~> sjl 

JjOJ iSrjy*- r® cr* a “ L ®^ Jd' j- 1 

JLIS J^b jj ^*y* si—-I #J-i yA>%J~A jOJ jj . o—l aj_2 

o' j' ©err J J-V* cjdW^ 1 si— i ^ jil lj ( _ r — J tJj. ty>-S jS jy 

■ "OS' IXj jil tfj*- 1; Jj yrj f~ sjl ^fjjO-A <jL ol>j Lw> . Si j£ y • ^-)l>- 
^IfjLLS sil^lf jjJo* 4j oljlj sJl^jjJUA ^Jj-LJ ji i jt^ oij^-iji ^_*■*> ■» * 

^jLj b-J jlJ aj jl jL ^jij jl ^ 'jjj • ^ Oj_^> ^jj^ J^b (jlfbS sj L Y' o-jj 

ol jljj-i*" J 15 ijr*0 S—^jb^ 4 jjjl ej^Lp . ^J-i ^J-* « j-?>-‘} {jy *j ^Jo— jJ ol j 

jT 4 j <S) jljli s-il j_Ua J 4 _y* oJLfclJ— 0-A)j^ ji j^ia jl*Jk . 0 — 1 jlj 
ojli—. jU—j y-S »j jLjJl ji til J> jjJtjt L (j j—1 ^ oif (hyetograph) ti 
JU- J o-l yfj-***- *i o' (J»lJ^jijr* oL— J jj^j JSJi ijj_4 ^1 Jj . o—l 


J’ 

sJ 


Jj j ti ^ —« 




. Ju jjj ^y« J y£Sy£ L Oi <>-ji (_^I^JLIS J>-b 4 j U jJL Z&%A JalSjjJ 1J l ^*1,S «j 

£yX j£ (^Lfilll^ ^j'j 0~^ # j J»lii j£ 4— 4>-jJ (^l^JljlS ^y£ 





\\\ 

jl 1 —>\ j-Li Jjlj . y tSo 4 >-j-S JULS' .SjIj IjJlJLS’ y\ yi t_~J y Jr*-$-! J 
^ijjl *S 3yZ> y kl~e-L ^UU- jJ J^L ^Ux^jJ <U (t £>-yS ^IgJLLS yu) Vl 

. k!~»J 6_L_* 6jl J Jl—ij J 0" — A ) ^^**1 jj ^yP yA 1 . .X»*lj a! ^ifci b ^>l*j j»«^-tj ^ l_5*^ 

^ J 0,3 y^ <j -~^*J 'j ^l—SJ ^Jo-* Ji / <i H, j H! til ^ji J^-J. ryjj* 

Jjlj B j A JuLi) jJ 4 j^) jQ) 6 jL*-* 1 ^is jl j^jJ^>Jb 4jLJL« ^l-4y jjb 

. -LtL^a L ajljjl 4j B U A Jutfli . JLij-i ^y Ji 4>-j.i JLllS" 



jStj ^LfJUIS” -r —»ji (JIjTjj-M Ji-V ('-A) JiLi 



*j->i liiji* jl >—* J3*jj-^s* J* J-J J -- *" ^ ^“A) 



jr *• j <_£ ju ^y j £_)* - r_r *, 


AL-A Jl? A Ira i3 < jl At *U JlilS" A-5" J B aJqjJj <0 Ltf j J lll5 

/' JUI J V L ^y\ -^*1 j>~ ji\ jJ At jl Juft* J-iL V o jljbl A> AB j ~~—a l—'I vJL-.P ^?l . il-«.**I 
i^-^j al^2**o <-5 sj ^jj lj H 0 j Hj *JI/jjJI~a ( ^L«j a lv?^ Aj a^-^ L 

A>«jl^>- . C~**0 Aj B A l a ft > JllL? itail j^jjJLA ^jL«j £*_>- 1 j ^1 j j^lS” 

(l.sec -1 , ha ') Jt > aJu jj yj L (mm.day' 1 ) Jjj ^ ^^ 'j ^ 

■ ^ H B k -j^JJ- L T A H 2 J H ] ‘“»'^JJ V 1 J-5 ^-ySj jl (+~$ Su^a y 

B aLai o..a-Jm y S\ ^Jj -^ ; * 1 (V —A ) jJ A^ j^]o jLfc> 

L _* (mm.day” 1 ) ol j> jjJ_* jj! aIU . o— I ojto jT Alio— ^L^il J* jjJ-* L %>\S 

AkU Jjl jJ (m\s”') JU15 ^yiilj ^j . 0—1 jl sJOaj JJC— ^Igil Js yjXjt, aU jl jju5 

Cs~*Jy* jfi I . 0—1 H 2 j H, jl jr —?. fl J £^ a ~ - t_r*i'j*' (Jc^ j Aj . 

j) jl— jj B Akti <j oUj Sj ji H 2 j H, aU ji y> AS'oiL l5j_^©jQ) 

(jLjJI jjOa jl y*> i_ 5 jl—• (mm.day ') ^\ aJJ ^Ijb j_J ^ ^jl £ jj-O* Oj y*o 

j^UaI* OJO—jV y*~J^ J JLUl^yi JLiJl OjJu-U J^P Jjl . O—b -Iftlj-J>- ^■•■ 5 'jJ 
jl ejl Jj-L* J - 1 O jy*P i—dAx > ^4 j_gLjjbj jJ B aLjU 4j b 1 ^ jjOA 

v—JL>- JL— L —jLj K-*oy^- (J y& a>- . o—1 mm.day aI^JJo J} 

. JL*1 y>- 




^j 


oj —* Lo^p ^jii 

t jZ£ a J (_5 LULLS' <»_5w— Si I—li—>« _ a i>Lii ji ^ 

■ - 1 ^ A "** 1 ji J J b / *J^ J^ 

Q = iA- 
v 1000 


(m\secf ! ) o^ ^ - Q 


(ha) O—l ^lau JjA? ^1 Akij jJ A^s>j>- ^tk— = A 
(>A L» 0»1j L ^y^aJ^-a oTaj S I «j ^-rijr* = q 

. (I.sec .ha ) *zS y*j a ^y^ ^ik— -L^-1^ >-1^1 ai 


0-A) 
: ji' j- 5 



'• c s 




Ua> 



B JxjL ji tily 



wii ijfjjju* j Lj> jLtj J I (T-A ) 


^ *-*->>* J^'- 3 c 5 U ^ jl ^ 

J-i «Ca^ ^LJ AS" jL*-A l^J j jl j-i A-^lj ol J U # j Aj 

a j jJ AJLij-S' Jjl ji . J jj£ ^ fb>ll “4 JJ- 1 -?* '-rr ^y 

1. <S ^ A_ii^ jJi; jj ,_5jU jJi; jl ^jjj ^iji(. ty 3 *-*j>* 

j *-£> a-tj-s ^LjJUL? aj ^1 l^jj . c~-( ojLi^a (J-^l «j jJ £ji j j* 

A>-jJ ^l^JljlS^ J a j Aj aijl j oljl— S- j j' ? J^JLa wJjj* Aj jl jlJjl •>. jlj ^^Ljsl 





JL* > * ('i- 1 0 jly l $\j>. A-^jj 4 J^b ! j4r j a- 

^4-15 tj j (o—^I JL» Y U ^ r* j-5 jL ^Si> j! jl j~> jjt L jl £\}*j (jbL»' *S ^Ijb 
i^Laj! jL i»$j JL* Y * lj \ & j* d)l jl y> L a A . L ‘ *£ ^IjLj) ^ * 0 &—Y •) ^Ijl j* 

■ ij~\J° (J3l^ 

Ls4-~^ e j j Li4-^ e j 0 ^•' <Sy ^jb* 

<^jj+i> j!JlL» C—-I #Jui ob jLJbi ( ^ - A) J ja ji ji *£ (_£jji» jl J bU~■'l OjLal* AC- jy> 

C» ■ M •} L»>« •*^ _jl OJ 


jlj J gturf $ 

J jJ-aIJJ J oJ-i ^jlS - 0 j t^LjJLLSjjl J jjjjj t-jUl jj J-ILj 0j (jr 4 j *~ 7 •■ ; ■■•' 

j jlj (— .... .i d j! jJ) »—'I J jj j~* ^JJ.5 Aj ^j-+P ja y\ . C—ilj J-*lj-»- ( £y‘j*> <Ll a! ■ /» l>- 

^1 j'..jj A_j (_J-^ *j jj La jiii jl . Jjjlj (_ 5 jjj^j (_..., - t C-—<1 ^LjJliLS^ jj (-*»l 0 j-~>--i ^J-^ 

j j (> 0.5%) jl^ jjL»«j J l, ^3jj * jl 4 J (__Jl& > a? j ji—i l y A~..a^ > _ ,... * ^ 

J*lj^- * ~1 ^ Aji^* ^ L._> oTaj (< 0.2%) JuiL jl^j jj * /Y jl yjtS 

'jtL^tijj t i5l»- ^jj (. jl jjjLp 45^ Ow(l ^3^ <_r~^ S J ^ j—> 

X - U ~a (..1 La* ^1 aJUj5^Ij^- • °j^- c- J j—• j ij^JJ 1 

Ijl ijljiP Aj Uwil jLrfSjJ */<Mj */Y 4jI (_~i aS" j IjT aS 

, - ■ J Ij Jj j*i 

Ji' j J i_»i J ‘ jb(_>^ j ^1#—■ j- 5 ^j^~ jLiJ JJjaj 

jjlj jj jlj i_.,^.t ^j*o Ijl jj tJr* - ^ y 4 ***' j La . * —j ^ja£j Li j^j Ijl 

jj-jiu OJL» elj j? j JjJ-i (_^4 jIjL jl aIs 4>1>- jl^|j>- ^L-l ^ Ajj^ ^jl ji ( -*‘^ 

jL (X L 4 JT j <>' *•$ aji jJ 8 ^ jj ijl^A jjl jj S/ j^a-a . 

. c— Ic-pL-YL- M^T^Iji j(\ x Y6)JL- Yfijj 
• j&j* ^Ijl jl v-j *y aj lJ* ^ a — 4 cr^'j 1 j- 5 

UfiT^jjj (jj'j'y a5 Ij^L^L-- sJ 1 _^jjJ-» |j-i( yJ»\j\ Jj ^jlo yi Ctrr^ iS^J. 
jj-.- OJ-» ji Ij tjl ^jjJ_-A ^jjl La.,» j^j el^jT j j»-^j C—«l (I xi) JL* ji jL 

('f-M jijioAj IjdTj j-j*: 



jl -_—it J. s s " ,a • w—'I fiU—* j U'—-* w 

,J—' ftSLa jj '-jjJJj-U* .yp ‘ £.> ^ • -*-^ ~y> jjj r ^r ! * ^ jj; 

ui'i <j J-— ^ a ~' i j^ > ,_f>^ O-'i jJ j J- 1 - y~ y *5 ^jyl? <; ■ j- 5 

oUj 0^>- -L*'j->- ^J 9 ^ j l J^>. Jr- oL»j j' J* ^ ^J 9 ^ 

<\ J-^ai <u) (Free board) jljl£ji) J J^j- 5 ^jj',y J^ti"<_,*■) J j ^>.>bj o' 

• *$ ^J*y. b cy' 



£$!••• jU d~j?j> _>J rj? ^ i ^ 3 J (f-A) j£-i 


Z& *>* o***> iS^ii 


• J Lf* C-zj* 'J* i - rijj ‘ u * ^ Jj 

jLy»- (j:t^u j;jUi JJ>*j j - <- 4 N 

«J_Ji jjj-y£ tjl-Dl jUd ^y-iU *-*j V i J cjLsJO^i Jjli ^jl j-* kJS jJ Jjijj JjJ 1 ' 

. o—<1 y~ jJ J y’ry k —^ 0l j ^ >• 

_? (0—' jl - ty 

--—-' u/'^j'j j '—^ j' c yJJ Ji 1 -P 


->-& jl j c)j *,j fO 


- jj b 1J ,yjJ jl jJL*« jt 


. ij-i ^ a^U^* ^yi> ^yjj (Unit hydrograph) 

.Lil) Ly *- 1 Jjij i*-* jiXj^- <S i jyijj 

—' a *i jL»i 


OAJ^C. 







OiXmi OjfJjf ^L^oi ^jloT JJju 5 AjjaJ T- A 


cjljul ( .».wd.^_-~—< j^f- L 


)j]p *J jl 


Jl *>- Ll 4jLs»0_}J j r 1 ^ 


. c-—I (Rating curve) J-i! j' cjLLJ j' |n-^--‘^ c5j^O'-^' • ■> j*-* 

<y T ^Ja—‘ ^Laljl j Jills’ l jl^-?* »-£o ji (Q ) c jJ^ C—-I (_£l <i*jlj ^J—il _ ^jii 

>w^l L aSJ h ^ jS #jl Jkj! I . (h) ■*■•-■ I «JLi 1 *>, j 14 »*JL >-*S jl» ^ILS" Ja^- 
^LjI—«- tSJ—* Jj—* j -* l 5 J j j^j Q o\y tj* Jl” jl —j JULS - ^Lib j (c ~ ~J lay y> 

. JlL lj J_Jl J ^A *_~-J (6-A) JSJi . Ay*J Ayj\^A ^j.irtt) 


J-il jAifjl ( h) 




(Q) 


j+j eJL ajja ja J-il. <yA ,_yt^w u^j 10 -A) JSLi 


«JLaUL« ^yA jS lJL>- UU . AjS ^jA C^jyfi j^ lS jbT J 
( ^ -A ) J J J->- (Jjlin JL. ^ ^ OX> (_$l ^ jL*T !Al* £\ . Ay£ j\ji Lf *t J y A jyA e J-t 


i dh pL«jl lj jl J w'LLfcfr -bl ^ Je ^yA jijjl C~—1-3 b i JLil jLj»-l jA 

e-ib yp\..*i'»..~->-\ ejl * >ti p|j_S ^A «j tAjS * J yA ,W *C^’jl jIJLLj* ^Jii jl lj jL«l Ij_j1 

• Ay* ^jA 4 v * m .Li ^a jij J y*j j' Ifcri- 5 j* JL^>“I j! Ma . (m) Ayl ^ 


P = m/(N + 1) 


^1a JcJtlj ^jA ^ ^ y\y Jllw* jA *& lC.—. 1 ^jl*T N j ^yA IwjSjJj ejL-i IT1 *& 

jl &jA Y(i L■ / Y£ j-il«jlJLi» /jjl ji ^_Jlj Ij 4«jIj ji iw-*aSJ A*/V ^ JL^»-I 


■ »j4J 


I 



r A* J** 


P = —— = */ Y£ 

\<U 


. iyAJ A~»«“l>»A ^JJ (J yAjS jl Ij (T) (Jl. ^J ejjj sl) 1 ^jA jl“*-' > ‘l jji-jli ^ 


T = — = 
P 


N + 1 


JLjp-l y JCj jJ lj AjLJLa Aj.)L»- yi £jij ^j—JI 2y>-yA (_jL$Jl —j jljL*." -L —yA y ejJ^ 

■ ''^PJ 

tjLLI jti wSsj (JL«j 6 jA aS" j*jL»jI p* Ij ijljl^" ■> _ to AJJ »j ^ yJ>- (Jib (jl yS*fr Aj 

Qdci.-n = Ss.lm’.sec" 1 Juki y- ^jI yy^J» yi y 1 Je> (JL> A y a jj.>) 

Ij (Jl*X>-l CjI y -ju y>x^A (jl^J >^-““'lj k _f* lJJ-A p- Jjjl jl £jIp- (j^jjl O—O Aj (__gl^J 

Probability paper oNl*ja>~l IpUS L J y**^ jjlS ^yy yi aj ju.— i Ij <i~i£ y a jj. 1 * 
,jjl ji uSvj flJLS' a5 ,5j_£ aJjkLJLn J tiyaj ..* y *\/q Ij log Q Aj C ~~»j Ij P a 5” (jt U y tiyau 
jl £jl>" ^jj!j»a J *<51*5 •?!■ i * aI Ij j jS’JL* Jap- al^jT t Jiljb C.^LLa ^ jt,. j Jap^ Aj jS~Ly I j .'.■>»*.a 
( Q y P aJojIj) 1* ajb (^jLaI jJJLpij y AjJp> j . Jjjl O« jO Aj (jl (_gjj jl lj <Jj-L p- jIaI aJj J-x> 
a_S” zj-y (Pearson) oy* jy y (Guinble) ^J-~aL^ ^^jjJ ^Ijj ^jaL.aI y o — -I 

l~Lj Q J P vIjIj^-sAJ ^^Jpw* jl ejLAJL»jl Aj jLi (JJ>j.U Aj n P j,} (Jl>- Aj . JLijb \SjjF ~ 1 LJ^T 4 
j^ 9 j- 5 Jl— V6 Ij" Y * jl j-^jjj y j^Uejji ^LjI^j JUIS ^l Jo \yj ZyJ. 

■ j^ii^JUji y*s ^jij^(j*-^®j 


5 <S9ii jf OdUUAtil A 

y jlj jjrl ^JaalJ • ^jlj Jlljlj aj AJfcl^jl v_^j jj jlJl-ia Oj>^J 

A-J» j->- J Jjjlj Aj C-— ) IJ aJbjI j Jjl (jl ^1 . J jb j (_5^Lj Jj»I_jP Aj_ 

^ j- 5 J 4 *-^ crt' <-5'y. ■ -^Ij-P^ j\*yy->-y (J J^jljj cJj (jlj-j-A jl Q > ■ ■ /» > 


cf 4 


• -^Ij (_r jj-^ 

<c-ib zyrj J-J ^SjS • j!*^jl jl- 4 ! jlij? - jl >^—1 jT lj-ijj ^1 i^y* 5 jr* 

• ji 1 a j l a.'-wj I (J_Lli ^jJL-»j» (^> j^e y* ji' ■ *Vjilj 



r~ • J iS‘ Ut p^—r" lS ?~) y. r/* - * J-' 


Wh 


6 s .J^ i 4* j2* j *-l}? O - a ) Jjo> 


JL- 

(nv’.sec’ 1 ) 

Ojl*..* 

m 

* j l - - 

'— 40j 

rn 

(m\sec _1 ) 

JL^I 

(P) 

(T, JL*) 

1958 

85.1 

4 

i 

98.3 

0.05 

20 

1959 

50.1 

17 


90.2 

0.10 

10 

1960 

48.2 

18 

3 

85.3 

0.15 


1961 

68.3 

10 

4 

85.1 

0.20 

5 

1962 

60.4 

13 

5 

80.7 

0.25 

4 

1963 

55.2 

14 

6 

80.6 

0.30 


1964 

80.7 

5 

7 

78.4 

0.35 


1965 

90.2 

2 

8 

78.3 

0.40 


1966 

85.3 

3 

9 

76.7 

0.45 


1967 

61.3 

12 

10 

68.3 

0.50 

2 

3968 

98.3 

1 

1 1 

61.5 

0.55 


1969 

78.4 

7 

12 

61.3 

0.60 


1970 

80.6 

6 

13 

60.4 

0.65 


1971 

36.7 

19 

14 

55,2 

0.70 


1972 

50.2 

15 

15 

50.2 

0.75 


1973 

61.5 

11 

16 

50.2 

0.80 


1974 

50.2 

16 

17 

50.1 

0.85 


1975 

78.3 

8 

18 

48.2 

0.90 


1976 

76.7 

9 

19 (=N) 

36.7 

0.95 

1 
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.*! o_jLp p — 

m 

N + 1 

JUj>I: A?$i 


. JLiL^y T = (N + 1 )/m c..tlj\j .‘ JJL t JLl ^Sj 


1 — 1"—A 

X Jj1jI< j^l *5" j! j'. <1 ,J^s| ^1 y *b~lj tjl^ jjJL* ( jJS> jj 

*jLJL • o I c*> ~L-» <£ 2jj\ C~~o <> 1 j ^1 jZj j»L> ol (.5 jj jl d)l y X5 -L-Jy j-~* o*^ 4 
. JuiU y» aX #Jl-Lj1 <j jl jl L>- L iw^Uljj ^J “L*iL j_yljl <jlj^ Jj 4 ■ ; * 

Jji y <0 aX/X = a ji ^Jj\ ol jZjjJ^ ^yj »y oL a>u j.>^-S - L J*»_e- 





i jLj jujj o~u L- ^Js j L <Jz y>- *Jnj jj (?—A y5j) 

^jj\ jlli . .1 jJm ,^a *£ j ibj v—‘*)L—■ j*->*>- iaij j O j^ - * - ,^U~“ OJji U jl y£> S* 

j' lSjj j' <y jU*j 'j W'b^ j' <J*i ^^ 

o « j eJjjL ojbo l» j jUj ^jjj\j jl ji *S lj (_$Lyl jjJ~.a 

jl^^jj-1 —a . -* j j* eiLc~“l i^lj JljT DjXJt jl j j)aL* ^yl lS^ ji ' ^ Aj 

4....>-j L j y_k ^L_a jb JjLh_< Jj! jju yj*-*!* jL*j jj *5 c—-I ^yl(UH) 

j y^- jjL | wt>« -,"‘< UH . jj _lJjj Ij ^y .l L» j jl» Ji>-lj k_jL>w>l aj 

^ jJjU #j Ji Aj J 9 yij^» f lX5 j-b <S C~j «L^-lj (jl yS JjjL_A ^ (^IjU 4—*0j >• 

AlpL™.i Ji jljlt J->-lj jl^^Jj.l~A L Alpl—k jj jljL JU»“lj jl j£ tAj . C—»l yl>wJL» 


«J-i Ji'j JLL- ji <y-> Ors-^ J- 5 * Ls -'j '-*' -^r* iyjj J' »■> 

l.iUIjj y » ^ * (-*_«->- j" —pL—■ T <1)1jb jlJL —a (V~ A) y > *—■***I 

O.L.* aJT Ja> ji lj I jL |V**ly>- ^ J j- • -J—iU jL y - > -l yo ^ l «^j-<u -J-Jy 

j_s —i t'jL—* y 6 «jl_iJl <u (* -T) Jjl c-c-l—- *—* y ^j C—(l oj y C~pLwi 9 

0_L» (J ji " J—^ (_f^“ ^ «jljbl4j(T—A) Ci'U' 1 ji J C-.^l 4_ljli 

jljlj I pl-*j ->J—- yy j 0.^1 jljU; j — ~ —‘ < _ # L—/• Y6 + = t 1 * l.. w _^-... > - 

J y^-j « P „A> 4j (jl ji 4j JT #Jbl J*jl^_j) (J,..,kl oJL_i lj »—'Uljj 4 j 

UH yi> jt- (J^ L . yl . ~' j <-JU 05y+j •**> yj> yi jl (Jjt 0-pl~» 4—- jl . (w-j 4jj|Ju 

(J<j (^.pL.1 4^x ejlJbl 4 j UH c (,~ i pL>« A «*> (_$ly Jj! (,I«««i^ Aj- = T /6 

^ A _ - < 

1‘ iy y uy> -—= > /i y jl j »->U j 

T i t aipUk 9 ^S jlyf^jJuA • *AjI aj T jl j£j 

. Jj\ u..«J Aj C^,«»i| eJj eiU JjULi (V~A) aS" 

jloi* J OJj a 5 (yljb (^ly ^.. (J^JjljJI (Jjj Jl (UH) Ja-Ij jl jZyjJ** 

01 *—'Uljj f*- 5 ?*^ A-S” J> jS - lj—j lj jly y* AZ_jJ\ . Jbl f jA O—Aj JLili yjj* 1)1 

J_t jJL>^L-a I D »Uljj yjfc^-UH OJjjl Aj ^l&Jb ji J JL-tL yZu> ^y L ..* ) * 



‘j 


J, jij *-*Lf y j r y* - r y-~ , 


. ajt w— *o 4 j i*_ii *i j -,J^& G i y i —— - t^lJul <j jl '■■'■ J 1 * 

ji aS ^j' < 1 <•- •> -- j< $ys j. p y? y. L^-5 • -aj^—o kjl^i jjj»* j! ejLaJL—l 

j LL^>-!y5o ^AjjL J)j]e> f Lj y j!jl; OJ—i aS C~~-l «J-i J r* 

J j £j~*y Ji' ^ j 1 ^>*“ vijj J j j-j 

j. • o 1 ^ Z jj (_^Lfc A-^ay^- ji J_>-lj L_i . JLZ»I jLtfjl Zjji 0y>- 

jUj ^_>L$j»- Zj j/\j/ jl jUj <S c—*>l uii^jj-L-* . ijb 

. c—I eJui eab jLiJ (f-A) JSji ji <-J>y jL>j . jJIL <J>y (lag time) y-b 

^Lfil <■ C—-1 jl Zja 6 • * » • L? ^ * ♦ ‘ • V Lfil UsIU -J <$ ia— y» ^\jLAj>y \y % 

L»j aJLoU j_^>-Ij jL®j) -uJlL k_~uL^« (opI—*< ^ U Y o-L») a^pL-* 9 U Y ,a>-1j 

• ( l: -- 1 j-V 1 £j' j j^r 4 j* 

<_jl jjfjjJ—A a 5 ^1 jL L JuLi •* _Z jl j* J <> jj>j “‘j y L ^-—jl ji ^5" ^jIjL j3MA 

jljL J_»-lj wjl S J J 11 *. - * ^z-—^ *^-*-• • X.tli C^j La J L * jl . i O—eJk—i A j~ 01 ^ -L>-! J 

jl ^Sjj ji Ij <LC-Lj y > T (jljU 1 ^->u j p ^ ^ > 4—'j-11 J) lI jJ ij ^pU^Sj 

AS O— »I ^Pjj jj _L>-lj ^iyS J jl I jjj . J y y^> (_j~i 

J-L}^ ol r^^ j jU> ^_a!^ 4 (_£l^U j ji ^j ol* o ^j‘1 jIj ^1 

jujLi jijj iy** ^j y~ jl^> ju 

. k— <UAs>- <y^e. y - Oijj j >5 jS A*! y- jJjj JjJlJ* 


®j <x^) 'r’ii* U**lJ ^ ~^-*^ 

(J L_i jj j ju j jZ flJu) jlU jj ^ \?'-fb ^LfJU- jj yjj y\ 

jl jj-?- ■■* J jlj ^—>• Ojj—^ 1 _y>l -fi \ C-»T ^L»J l—jj^—flj O — “1 Ia ^—■ J > y>- 

jJjL* j gr l a ....* <^>y aS C—1 j—i L f- A (TJ^" 4 '^‘® 
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]Im o^yi r~ I 

4-S ^,-iy jlaJo-^lSej ^IfJULS j^olou^yr auL-^Ja^to* (jt^U^-jj 

J— J$ 1.0—1 (v 2 ) CPyl Jjjl>»— L I——to ij—i jL»yl ot *-L— j 4j JULS yL—J jJ 

«XS (^U- jl i3U«- olji JjLJ jjLj _ ijb JUIS j <^S - ^ .y > -i>- jl ^y 

• LTi^-y J 



YT5 




d—«■ ^j^ i 'SAa^p\ ^jJ-5 4 j d_b d-J j Jd>L> ) e.-U.■>■ jj* (^L^5L>- Aj jj> jA 

ji . J~ ~ ^ Jr 1 >A—«jLL« J-iu d^lji jjj -c *-jA j Ajb a yrj ol td>1jA <S" 

^1 dJajlj db*- ^Ad 4 j1a ^ ( JA f C i jfi il>vl *S ^S’ *) - c. dl £ l^5"L>- 

jij* ^ jA jz ^£t} jiS\ <6 nJd—>- ti^L^ ajj^ ja^j . a^-Ij^Ij 

jj]p <j 4_S^) ^'.. ..». >^j j»ljjl \J^S\ IaJ j a^*j 1a-»j Ij (_jl <Lu^j jjd>- 01 y> <i — Ajj ■* 

'■!«*£■ j~* O “ ^ ) djA>- jA ^LL* . *j-~“ { _f* 4jI jl jl>«-« d~£^«* iS^ji ('■A—** I oA>l d....«*A 4 j 

j (Fortier and Scobey) ^^1 y c-iLd^- ^L-gJUUS" j> ._ >T JL **_* 

ba\ B 1 .0 (ji jl J 01 jA J ojL»l CwiJ 4j AjJjk jA 4jj_>ij ^j*t\^d]jj 4_S^ (T — *\) J jjbj- jA 

. AAj^ BjUkLlt* A jjl ^jA 

01 aLj juL j d..o p f * jJjL-wb ji »ji j-*a Louis' ja ^IjL -ji 

iJL.C'j** jl j~ ft^ JU<7 jA Y * Ij T 0 dOld jA i_j| d« a dA-j** A ^jA l jd . a 

. A-ill s_j i jW*^ 1 


(m.sec’ 


A i <LJUli" 


’. l -M « f l A -. CL ^ U ... . " Ji t \ ^ 1 J » 1^ 


^Aj£yi 

0.75 

0.75-1.00 

1 . 00 - 1.10 

1.50 

1.50 -► 1.80 


JV;^T 

0.45 

0.50-0.60 
0.70-0.80 
1 . 10 - 1.20 
0.75 -► 1.20 



f ^ 

C -4" ‘ cA-fA 1 ‘ LT^f^ 
fA 3 

L^J 

(edijA 


ij ji j jbw !>■■.. 1 j dt■JjA> 1) JjA> 


mm^ jm- 

-i £>* 

b.jljiA m.sec 


1:21-3 

0.15-0.30 


1: l-jb3 

0.20-0.50 

1 — ‘j 3 <j~" 

1: \j^2 

0.30-0.60 


1:11:2 

0.60-0.80 

d-A~ ^ j 



»j ^L* — \£jU‘ **U r < v 


fii- 


^iaAA {da* f - ) 

^>-jt J—l'u uULS 0*A—» j-aa J i^jb^SL*- j»-^>- j) 

aS ^ji\ U «J^j i_T~^ J" \J0 Aj >■!■- ~ j jjJU obUl 1 ^U-> jJ> ^jcP jjd J J . <1—>1 

.5^-1 ^a A..,- *? _^J JU-j^J . JLiU Al«i|jj ^j- U >Ijj A)>U-A (Juts' 

toi Jj^a L*l*lj Jl y~A Aj JLiI^jj ^^a (Y — ^ ) ojl_*-i Jjj_>- . JLil_ i j To S ^ " Y jl ajl^jj 

jl jl-l>- A—J j jA jl a JL -S jj Jl ajl jjl j ijS jS JULS A S ^yJL* jl tj** 1 Sf 

^ y La^- ejlj <Jl_il^ A $L ^ j cr^' LS* 

Vr- (/ (j*- > ji3 • J J lJj i^"^ 4 tr^Ji 2?* 

i t—jU»ij1 |*j^U Ij JUIS - ^jjU- 

. JLiU jL j JUS jj c_j! j^c- aS jj _ c_Jl 

. JL>L jUj i_j1 j^ W— i OiULoi jj aS (_£Ajl^a jJ — t_J 

. J jl j* oaLaI-jI ij^a j-J ^LL*-I i—> j^t (^1 j) JUS aS ^jjy& j1 _ ^ 

^jb j«SU- (» J ?* > ’ j*S j Jj^j*i/U JJUJ aj (_jl,_ jLjJUS 

Jjl-• y~j J Aj - ^ JL*- o'^t^iu ^J . JL-iU ^ ^ >i u . a A»j_^» Aj jjji_a 

U AjI . t. « aS (_jl AAjjjJ ^kU ^1S aj (_jlJUS (_^t ji aS cl- o il aJLo d-tf-Li LjjT ^jljL^^j Aj b 
^jO jA clo—J J J ^ A,.. /? jj ._ jI ^jtn.itS jLa-Ul j J^VU Jsj jl . JJ lojUaljl cl..-< I.^IJjcJ 

■ JlSU ^jj A; (_$l Aiijji (^tjJUS ji (d)t—jl L jj»-P'Aj (b) wjS 

cyl J-a-fr At cJS C - -..-.I JUS ^Ji 

b/d = > (^j) - T (^ (d < 0.75m) J^jS^US 

b/d = T-T (d = 0.75-1.5m) J*->* tflfJUS 


b/d=r-f 

(^LjJUlS ij-i ^ a . . jb jj JULS (_jjlU j 


(d > 1.5m) J'jjj ^tjJUS 

, jl jis ^J^\j £\j> 


,^jj*j±Z —J _^iS ^y> j-t- Jil-L>- . -Uj_i A_1 j^L—• Sj jj ^lajlXl U ( _ ; iSej 

-\U 

. 11 £ cyUxlII 


^ '/6k '/T S\ j*_p j \ : >;& U \ : > 4 > : v v ^ ^Jr y,->t * ^i_a \\j • ,k 



*rf' J ^ - r*-#-* J-*" 


ra\ 


i3iJi3 *r <K ^ - 1 - ^ 

jL^ Ja~-_fn jri aS y]®J jj ^U jlAi. AjU Ij (Kj <_£yjj ■—Jj-a» 

2_ 1 

K m . c—J oAA a^b JUU (T- 3) JStijj jf 'j*°y* jJ • J jy bR 5 T jlAia j (v) 

u —>_^j aS) j jb .—* j —j JU15 aj a£Aj Jjb JULS k_iS” ^yjj A»-ji ^ LfA aJ 

( jOj * jt—J J- 4 ' JUtS jlAjv- ^^jj <S ^jl Aj A>-jj U . (}}j£ ^ R JjJAA J-UcA 

bAaaj jlAj «j J^*^Vl K ro aS o Jt-£ JI^J l j* IJJ a iS UjI K m ji Ij 

AJ yy* K m j* aS J*I^p aoS^ y* A_lj JUtS jIa>- jj aS -ijb ^yAtj^* (Jt«i jj j juts' ajAj 

yi*S" Ut*-^S juts' jj K ra ) juts' JU^^S j JJjj j jUtSy,—• 3'<A—J 

Sjj* jJ J K nl = 70-80 jljLia t. -J_A» a jlAil U JjJj ^LjJULS JjJ_a ji JS Jji» Aj • (C—xl 

. AUU K m = 10at^ jl a A - A jj j ( ^ J Sb“ ji ? (_jt^JUtS 

UJ . a— ill |»^. a jU — -> JLS ej (^LjJULS jj K m (_$! yj >——iti» jl A- i - a w->U»*jU1 

K m ^y j\jZ iS OjAJ Aj <£yJ>yA ^jt\ ^J Jp . JjjT Aj JLS CJi AjU jT jy-aUU ji 
aS O — 1 1 aAA ySj LaaI j Aj ^yatijl (^ — ^ ) JjAjj> jJ . Jjjfcj 1 —jtiol 1 j ji AJL» 

Ja-i^I-a a j ^LjJUtS ji . a^l A“. .il jtS^ ^UAa q\j*£’ A^ t^i~? jl Jl^j ^*-\ Jiff j} 

jIaJLa ^jI ^1 jj y*j (^*- ^) jb^«j jj-i O * Aj . ^j-A aUj^ jJoj K m — 30-40 \y**j 

. <A ■ .il (Aj p.-la'A 

J_$lyj Sf j-A—A> Jt 1 — l ^ ol J LSU^al Ajlfcj>- j\ L*jj,. t . S jl y % J- 5 A_S c—il J-S"AJ Aj ^jV 
■ i j* »•>jU^ Aj D = 1 /K n1 Jl l^t>- Aj A^ij 1 jyAJ a^t.4 1—il K |n jl JL4_a iSy.J 

. o—il oA-A aib jU n i_-jj-A» K m jljjL* j» (T— ^) JjJb^ ji 


^)U“ JUtS jl ^yO jtSlA>> JJ~^ ^t^l* ji A_S O—il ^ypLaJjl jlA_ia jl OJjUp i \$fUJjl 
^iSlA>- jl JUtS JUUI t -jj y^l aS O—il Jl-Jol jl j^l j AjL» ^y* jy*U 

(F)AljT ^Lijjl (T — ^) ^|5s-«l j«> . ^jjlJ Ij *JLi 

ij ^ISIa^ajo-U 




^ y j ^y> - rr 

TiY 


y-Tsj j; LjJ L 'j" y*-!^ 

y Ij- K iT j LLi ( Y” - \ ) J j j(> 

n 

K 

JUIS C-^J 



(y* • /Vi j ,j^p) bU-y JCIS”_iw-aJI 

(0.050) 

20 

yJiilU. 

(0.060) 

15 




(y« ^ Ij ■ /Vi y- -_2yp) 

(0.035) 

30 

yi iiU_ 

(0.050) 

20 

(j-j -^L^- 

(0.020-0.025) 

40-50 

(y- \ /i Jl y-j 'T |j-«^) k^jj; ^LflClS’ _ £ 

(0.0125-0.017) 

60-80 



pliji ii—j jM h_jLLp jl y JlJlS" aJl—* * *£ C^i ^1 ji plijl {j*} • 

. c—I JULJ Jl '■yy>- tj j iS^y.^ jji plijl j -1>jlA|Xi l!—*-> j 


FT 7 -7\ 



.*. ■*.. V \ X 


- 7 — C?J j's 


- v' u>lj^ J ! > 

(c—i Q dcsil , n >i>. Q *S yki j> v' 


j£»j jlfJULS'y iljl t \JCj\ (f-\) JSLi 


bjiif'jj 1 ^y<j* J <s* (jrr* 7 — *~y. j* ->0' 

V jb jly oliuJ *jy> Ly jlycy 

F = 30cm (Q < 1 - 2m 1 .sec -1 ) jS yLjJlAS' (jly 

^UJjl F = 50cm (Q > 5m\sec~') ylfJLlS yly 

. iy*j iwjlicjl Ij y-* yil~- j * L V ♦ l y*> Js> 1 i_ —*Lj 4j jly y ia~*yc* yLjJlJlJ jjy» J* 

(JLL5 ji Ij *—»l ..——5T y kl. ,<ul jjjl jljl jl />..».»* jj yu.y,s 1 V — -1 

JU- j C~ii?y ajji (jly ^Q dcsi j, n ^ ■ C*j jf jJii Jj (XiL t-»T jl y SO-lS" *S J-j) 

C. \Sjj ajji (_jly Jbli j^yj y Ojy^tf ji JlIlS^ y ..- 5 ySlJL?- i Jyi *U jJi» jJ ( ) * &) 

Y bjj_>- JL- j t Ij Y j ki—J l JT y j|juL* jy>- • JbL*j o-jLiy {^ * Y j) (JL-- Y j 



Y 6 ’* 


VJ V*' J jr^ *j J-A* 


j'uLS" ^1 A-? -L«ilj ^1 ej! Jj! <j Jju iljl ^Ujj! !Ju 0-^1 <JI— Ci -*L.JlSy ajj Jj.1 *jI y 


0 = 2 x 0. ._ <5" . JL-j Ji . Jl- 11 jl <; jjU JLLS" a J Q = 2 x , n ,jl oil <, 


• C — ! Qdw.(n S. ] S. V' <ji A ** C — ,i J L«j jj iwjT ^-Lj /T JjJL>- ^LL jl 

IjjJL p- Jaw jl jj iljl jl O—“I eJLi ( ^>-l Jb j~* ^^XjL \ Y j JUlS" ji k_j| ^Lijjl j^l IjJ 

F= \/t (\Y 6 )~\TC = 0 ‘cm :lJLil 

iUj Lfjl jJ i—<1 ^la~» oUL y A S li.tf «j (_jl^JULS^ j J I jl ^Ujj! j-* 

. .XL?LI Ij ^Ijl ^LajjI IJU j JjI L 


js «) r-A 

■ c —'I J ^ *J-^ <S «j (jLjJUlS' tjjj*S Ji\ —■r-t jij iJj*^** 

jl > ji j^-jk! jS I . ^j-^ 1 a^ L a i .xl y~> jlwl jl j_iL iLj ^Ljl^i jj 

jJ JULS 1 ^yrj^ J 3 '*-* j* • A# -Lj->- ^jJI jdj _r" Ll.x>-1 sy*l lS j $^ 

. JLilj jLj J J^* Q.-*l tw^> I jL»®J 4 j AI~«jlj ol—J A>*Jj^ 




jl jlJJ*^ Ij (culverts) lAj^t j ^j jl jl^- jlj^ .j «jj x ^-\}> ja 

. J^jj eiL»j (J 

Q = |^A->/2gh" (6-^) 

: JW jri' 

(mlsec' 1 )^^ = Q 
(in 2 ) a-Li ^Jai* ^-b-j = A 
(= 9.8in.sec' 2 ) j-«j JJSJ ^UJi = g 
(m) ^UJj' c-»l = h 

►! jl 4j Ij (A) a-L-i ^la .« ^*^Jl y Q ^a>«-JL-a j I -L J L * L 



ji Syrj-* £Uj j\ j! JuLa <> ^LiJj! jUw. oil . h >. .i.h>o> 

. ijji AI>-L* jT fJjj Jjj\ L Jj O— ! j\Ji i£ ijb (JUlfT 
jji ^ 1 ^ (^LjjL«o-Lw ^l^j) A ( j-j ^LaJjl oj! Laj j\ j L^JL 

-* j~“ , ^ ^s»i ^Jaj ji ji* 

oksr c/^/ 1 ■ *jb (_rr j ■>■ j cPjjj ol-^j <j p JjJ* 

jj M O-^Ij oUtf j ,j>rj j*- aJIaj ji jT j 

• *Ji Ol j\yji* XiL b si j+A Jj L jjj\ jl ^ jyi- \j 3jjj _p jL^»- 

b jij jt*^ KtSbi <j 'iij (**j£ cr* 1 ^<-» j ->jlj -k.1j-i ji 

^ jjj j\S aj 

|i = 0.8 ( j* \ • j\ jS J j^) ^£>- j% J- 

H = 0.7 Y* 


p = 0.8-0.9 1 $Aj_ 

1j(Qc 0.5m' 1 .sec” 1 ) ^»o ^5* J-j j~m jtS/j—U jjA 

\j . jta j\ji lj aJj) jI-Xaj jljj -Lj yjLj JJ~£> Sj>- jl 

jj-i s^LLol <JjJ j\ *£ 2 j-i a -y*ffy of jj-ff' ^$\j> xil* I —2m .see ji ^jj *£ ^jL*j 

4jt*0 (^IaJjJ ^\>J y\ ji . olio.1 jl 0-4 J V L ji J J 

ij>- j* ^LflU-iT j ji j ^ -0L*>j ( J1> - *—A jl jSji ^ * }jj&- jj juL {$2jjj 

Jil_b»- \*jjA {£jj (J^i) jT jl aj ol 

. i J ‘|W Lfc a]^jJ ^ J J^LjL^ JJjA J JJ^ ^ J** A^>»JJ i)U- L. ^ * 



* J J^i”^ hiij ». J ( 0— ^) J^Li 




c —f'j J ^ ‘J ,jr** 


jij—L* ■ O—A _>*y t*—C—£j—‘ **_i «.L ..Aft Jjb bflijyl ^ j& j- 

j ^az^-L* ^i*>b»ny <i aj\aa j_^L^jL*J^-Lrf JbL b J—ib .ibj La_j y) jl ^j y*- ^l^Uk j; i j~* 
A>l*.S *$ jj—rf> _p ■ (jj-i pb»j jJj I jjl ,J>JJ ^ <5") yjLi^ i_f*-^ lJ A}_jj a 5 jT b 

Y l; \ /(J j\ J>jLJ ^Jy*~ | >—•’1 <!-£• j~* JbtSj JLib a J Lj>i >.!■Iail>»jt ^yyj y>~ 

. oJib (Y—^) j (\ — ^) Jjljj^ ji oJ-i ^Sj (_$l y]j) 

Y-T-^ 

jl . JJ J—i ^ Aj-ju (jUfJbtJ J-i^ *i " l ' - '- -* efbb-'J L* jiJj- - 

«^Llw»I jby»- (_5jyl O^y jl t$\y j jbJLjl b *■-- ; -* ot aj jly y ^jiJj~" 

tl—»l |<£ yi <S ^yLtj J* ^ /^Oil0-f£j Vb J (jly l j \ jiS\ J J Sj+j 

. JjI J-fcfr Aj (j j$ jjb^ til^^ 4 j a j'-b' jl j jl ^ -bji (_r* *i 

O-Li c jlj jLU (? — \ ) J* A? (_^l* jUj~* J* (jljl C-JL>- ji) <j- 0 jl jy* 

* JjT^y. C—JAj yj Jy*ji jl 


Q = ^| A /fghh, 2 = »-^Hhh 


(?-<0 


: ^J* Oi 1 J- 5 


(m'.sec = Q 


(= 9.8m.sec 2 ) jyj J5I = 8 

^L" = b 

( m ) ju^r 1 ' v-j ^Uljl = h, 

(_5*VIj ji y&>~ jJ <J (_jU y m jj~* * jj-* jJ j»AJ (^ - ^) <3 jL«^ 

jL j-3^ ^-S") >^3jU Ayjj—i > C—*1 (.^ ‘ •~“ j (j^l jiJj-~* 

^->W9 jl-ii« k_jlimlll Ij J/r** jl jly ,y* J-j (Jj jli L>*jl cJU- yj J~* lS*^. J- 5 

jli Aj J JLjjta aJaJa? Jjj-i e Jjj j\S Aj ^l* jUy* * j •iLi^l 

J-U- ■ -L-il; y ' / ^ b > j-J )i jl-U-« Ujjjy- Jjl iS^ji ■ iljO***J 1 j 4jT jly j 

oil aJ Ji ji J JL-ib Jbl^ J* ^ijl—-< yj J~* ^b jj- *S C-—l J~^-)ji 



L r^ t j li'-'jO— 7 - O' jij J r)° ~ r_v- T£f 

jUj^ J-5L JUI^ jl ^ j* j _ r f 

tJ J-^j* k OjL Cjjj-V 5 jJ* ji - (^— ^ OJjLa) C—<^l ^*>W (_jljt,5 

. i jj jlS’ <i 



jus* ^ \Jjj i [j"i ok* ) J^«*i 


ju j (Jjj ‘—’I 0^ ij—>• C..il iji -51 j l ijL^_>- ^ j J Jt Ju QU- f 

k_^T * (V— *\) (JjUa* JcjI (jLijl ^jJL* j cJL>- ^1 . Jui\j j j _a!_ww» Oj<j 
C«Ji ( V—^) J ( ^ OjLdj 4j {. 21^ (3 J it ~.„ a jl 'ji^jj** j oJ^ti "Vtj k_jLL jl 

■ iS s~j o* o^'>* c*- 5 


Q=^bh 2A /2g(h J -h 2 ) ^bh 2 V^T (V-<0 


j. v*l j~ ji v»' jk’ 

t~r~—~ 

h i ! j h i 

_ _. L L .... 


XA XAAAA/U a a a a a a a 


I 


1 


jUL Ji y>1 jJa-» jl> 


iljl oWv»- i > h h 


Jlij* ' < / i h , 


Jur- J* J>o- j jljT ok* j's. r J** ^.Lr* (V-M J£i 


**■ y ^ 


^j-i o^ <* H = h + 


-jlJLi. OjLi fll) u'I (j**’ cfk" ** J A ^ 

2 g •• ■ •*- 




xf&'J JILLS' J* 


rev 

L Sl*<bU# J .a j$\ x5^ jjUJ0.5-l.0m.sec ' jlojJb^ aS jjl-u 

; j 6 wL*_P- J^—* ^ y^ 6,i '^ _y j-i k—bl %.^- y^A (_ £jy\ JJuL« £-LjLj jI [jjU- <j ( £ —■ ^ ) t (V-<0 

t i y* ojLa Z -<! * (_$l>jjjy» jl y. ~ ; . | ; ySej (_$L$JULS jJ • -Sjjl -IaI ym i j_>-j *i 

^Lijjl aj C . H .II . - .T 1 j jjj ^U L j j yw i—-^aJ juiL jLj aS 1>»S jA jj lj l^Jl jl jj aS jI> aj 

• jl: > j'y j«ib j jL ijy* 

(yUk) yT^*^JWyor-r-* 

• ^ jjl y* A{ *—' , l jUy>- I J y*jL* JULS jJ t. at , >* J A—ijl jbl JL.'*-l 

L July <—'I A^ jl iS^ji J y* Jj g Jal Ju-L>» Jajlyi L !j by>- JILLS' jJ cJl i — .J y yj-L 

£-Ujjl yijl jil yjl . ijj y* *i/U yaO>*JL» jljlL* Aj t-jl - jl y J j Jl^j <Lij| jl yjLu yJJ jL«J> 

Jajly-i yjl _p Ij >— jI ^la-> j>L^..a. . 1 . Jb jj yu ^^Ua^l Aj Ay l LJ-iu <— jI aS^ Jj_*i y« j~frlj 

a_LjI oJt jj yT <£ Ij (^1 aLsjjU . (A-S JSLi) XjyS' (Back water) ^_jT oJL^y y>Lb* 

• A-u-Uu* jjj Jy^yi jl jly y* (L) iyi y* «Jlj yj 

L = -y^ (A-^) 

• j*' 

(m) JLjy* yj *_j! aS j^I aLoU = L 
(m.m -1 ) (JULS L_aS ySJjj-L> = I 
(m) ajjI j* cSj^' cJl = h 



JJ I dL Cui'll U j J (ubl^ij ) l_ jT (■ " «.■ n^ yj ( A - A ) JSLii 



js »j jij j f jSv 


Y<iA 

h = 0. ] Orn ■ /lJlL.^1^ 

r = 0. 02% = 0 . 0002 m. m“ 1 {L. = - ^ x = 1000 m 

j£\ . c—<1 }y» <J\ y j 1 1 j')lL J s^jL : S kit^l j&j OjL_C-A j 

Ajiil j-?l Ul jlj-~»- jib j j jO jlIL dilju 4 jj l J ^' 1 j. - * tJj ^ j> 

jjl j .s^-i £»l j j>ye k_jl ^Ja—■ jt ^ j—*~ ^.y 4 ^ jb *~Jl jl juIL «JLi 4 Xj*-Lj jj 

. JjI»j ^jA Jj JJLj C — , « l 4 J_j o.lb jLb 4Jjl 4 — (j! jJ aS — ^ jjlia>4 Ij ^Jjl 



(t—I ) *7^^ jj^ij Lr*{ ^ *U*d I J*A ^ ^ ^ ) (J^** 

II jjj yM (_ 5 J j I —>1 ^li_Jjl jl JJj-* 4 JwfcUw* ( ^ —^ ) ji *-£ jjb jl*-* 

^Lijl j! Ji -A -^j j-b III 3d Jy* J>* ■ £^\\ jS^OSjo-J+i^yj-* 

I jiJj —* y \ J=*»—■* ui* J- 5 • ttj-Jj —- ty-^rj j\ j J ‘r'' <j- 5 j eri *d V 1 

41*^iaj ji 3~* ■* jd^ -^1 clUJ £Lijjl Awb»> jJ ^jjl^bj • , »L~~*i1 aJuX l ^I ^, ~..., * 

q^Ut. »l ^LSbj jJ Jl oi y ^jA <£ y Ojjb >»5vj jl y& <j ^jij . ij»£ 

j (h < 5cm) J—iO y~* ^jL—. j jl jz£^j£ 0 ^jL—« 4 _jj 1 -_SJ jj h jIjJL* y£\ c *j*i 

jjl jjUjJiijJ 4 j (^jl—j JL-iL 4 J—b 4—jl £jZ-a j * * 4JL^L* Ij jl i—*1^1»1 j i 




'fil 


V-:' J ^ O J^-jb - (•+ J~<W 


J -I 


^ 9 JJ? >J>&a*A f- ^ 

a Ca^J- 4 ^ 'y j- |_j-^ 6 j c?V u ~ J- 5 *-% jb —j J-;' 1 —• j! ) _ # £j 

b-b-d Via fl£b* ji I 4 JUIS’ J->-b <j Ljj jyl 4_jI j-LJojlj <JL-^ JLal^yt <JLijl (jdjb JaL'jl 
j j' lSjW~ 4 0-J—i j_j~i tj^^y j- 1 Oi' • (-^) <— ^ C^ 

■ i_f* j 3 jj-i >_SLl^- 

^JJ • J VL Cr- 4 j J 6 '- 4 jr4 *4^b»- JJj4j jljl ULjj <J\ ^U— 

t5 y* 3 JJJ j* J 3 ^ lS* 4 • J jb j~~" cJU- (\ * - ^ J^jUs-* >—>T ^ a -“ Ca Li L* jj 

jl y u > '^ 1 <Sy*^ JJJ • *•—■*“*1 ( | *-* yr * 4 ) ^J-il-l 3- 4l a ci jJ j (j***jjJTb) jbSlJo- aIxaj ji 

jb j . (c-f-L- Y Y L 4_™jLiL>» ji cLjj 6 • j c^L- Y Y ) c^-l ^— «~i jjj 

U»_*i jj>- ^jal Ci <>-yj Li - C—<1 Cajlca (_yb-# jjj Li Ca^L- 3jS>- j jj J* ji J—* j jy? 

(New moon )y ab j(Fool moon) J-15^ y^jj ^\Scaji liJ ijb cJUj oJb-b jjIjj jJ 
J £-^r J 3 J>) *4^ W li J -bj^ ^s* jl J* ^ j “4 C~Mj^ j J eb j J_-i j 

* L&a jj y . ((Spring tide) Ja. US'Jo*) Jci (iLi:l c-jT j-cdVL j JLS'Ijl>- 

jljuL* l v-a jp»j J-» & J Jib l. all b a k" ^ >- jj J _ ij,^>- J ol_a 4jjL>- J - - C_«_J ^<3 ,J 

() *-^) JSbi jj . ((Neap tide) J-LS" jj-^-) JL-iL^ »—->T^ia— jJ^dNL 

<)blL« jljLa L ji Ij ol j * .* «' c^ab J h_j| ^la.» ji_y jj J ^jNlj ol jy - y *-* 

. O-l aJL- jLb 


be j }je ^JLmc &\ydi ! -f-^ 

J a jlbil 4 j »jiajl Lj j C ■.•• - _> L_b islii ^L*j jj b J jlb-5-» 

JLp* j jy>- y\ ji i—<! . * 4jL*b OI • ^jb I y~» 1 isc>“ Lj ci U tf L> j J- 5 

j JL* Y i__>! jJS IJlj»- ciLfcLa «jj-5 ji ^ y-* Y Lj ) 

0\y ,j* jf jl <5 -li J>y* J jJ->- jl-li_» y yy t£^>y J• o—-I jS-* ^ Jil-b- 

{Jl _—‘ k J J 3J ji .jL i j lO-^->- Obju y& (jl J -^^4 ^Lj lj «. U * C- 1 1 

^O* Y jl (jbl Tl jA <J 4a—I I ^tJa—. Cal J -.. »i Caljjl <5 j J-i ka-a-— f^4-vC> I . C ‘I 

. C~-l ^^j- 5 i»Uj jl yljt »- 4 jj -U j j j^- Caly I . JuiL 




<L> l> L* jj j J*L j ^ J** j Jj*? r J ■« O I0 * ~ ^ 

J liT^ j j (Tagus) ^j.? L- <U l> J j j jj jl^iai <U ijJ) 

« ( Cm I A i iji? j 1 3 j I * ^Jl» ^ Li j ^ c«w^ 1 

ojjiLL. jJ J*-L- jl yjji U^^LS" U Xjij^ Lp <j *S <IUojj ji j j>^- 

jx*T'i/U jj j^S" ^ ^yLil ijlj 1j i i_jT <»5 ^ 

jJ> • -J>^5 L y« (JLj JLIjI 0*0 jJJ li LjJ j_j-S •—'I J O y +j (_$JJ (jU) ol ^ 

k_4il ^ ’jj\ i jju j »JLi jj Lji j _y5 i*J\ j\ ^jZS *j j (_£jbl ^L$JUl£ jj jO ejl>- 

o.*^ 0 .1. 5 cJl . JLi -L#>l^>- jj o’Vj. ./}->^jt jjj! j l.«>- iil>- *j 

j-* 1 tlrf* J- 9 >e v^-* 1 J c5Oi' S- t j'^- e - ■ ^J 1 - 9 (_*p *i ^ 

. JOj ^4 J_i ^jJL 5 Y * * 1j Ijji i y~“ ijj u -doli Lft 4Jl>-jjj ^.>a " ...4 oJU*-i 



*1J l?' 4 * A~j J e ; Jii.Jj-^J j>-' j-jjj 


If s- \ 


o^* 1 jl ^jy j,! ^IjIj a-? ^U-oUijj jj j_. j jUj j-j Jx 

j' ajLa^I J >-J\ £ja.* [£y$ cjI-Li' <*y*J aj j'y ij j'S . C—"> J^JJ^J. O^'iJ 

lsI W**jj J-* *i • ^ LfC-Xj jjjl (——S’ jj\jj ^ L - U j j j jy’r y**^ 

<->- y L> j! (_th-»»-j* JaLii IJ AjL>-Jjj ^Ja— jJL*T VL jlji ^ a 5 C_-I iyS>-yA 

•‘JJJ jl L $J-$J^T JJ *i t _y ' -*- c ' lS l-fr *!J jl —”L^i_* AjL>-J jj yi oI^—Ju Aj 

. C—«l <jJo \£j (_$Ua»«JjJ ^ylU-L- ^UaJLp^.Jjj LjjJ JyZi^A 

iSj-$jb- (*^-* j - 5 y£ ®j j J^-'j aj jj-* ^ *jjj jl aS" j j~l y 

• *y* y-> LjjJ Aj Aj‘L>Ojj «_jI j-Lijjlj jl ^jU ^yJj Jbl Aj 


Ai^i?cV jl yT 0 \jjp T-T-^ 

jl <wJV . C~»*l oJLJL ejlj uL-1j ( \ ^ — ^ ) ( J^-ijJ A_i j\o i»SLj (_jLa a_>»jjJ jL£ j 

tSjb? j* 4 t j I ^L-aj jl \ j*3 ■ D Li A jl . J-iL A^_JLIjj iy>-j -L« a_S" jjS ^ jj-?* a->»jjj 

(»-j| J »JLt jli jL£j_j>- Aj A>«jjJ C (*U jl ji jl (—««~J J J 4_jl ^lijjl jl ^J*y L S Aj»»jjJ 

A^«jji ij-^< jL> ^ ^ — ^ A aJoAi) £yh ^y> Ij jl 

jl Ji^i ij i y*^ ji ^1 ^vla--i AS" E aJoaj jJ . JjS f y> X~>\-aS j_«i yA N * ^UjjI 

• ^ J - ^ 1 (_<* ^ ~-* j 4 ■> jy i_f* jl ji (jl J-W- ji >^1 

k_jl ^ia.« aJL_«j Aj A>«jjJ jl i^TJy*" (jE^—► jljU_a B Li A aJL^U ji 

C« (—*1 £til—« #jLjjJ AS" D Li C aL/jU ji C jjjl . Jj £ L ^> J yS A>«jjJ C... 1 .I jJ 

^JJj Aj A^«jjJ OJLj jJ w>l ^lia-oi t CLi B aLs J ?U jj C~«l (jjL^ jjj -bl ^Ij A^«jjJ 

- j J$ ^jy* j' ->0^ JJ k ^ J '^*1 (_f* ^^j 4 jjr’T 

*S ^ \ J J-*j* jl Lf 01 jJ tj La jl l) 1 j-~* 

. J-fci 4jjj^ ^Lj 

Q = ^ bh 2 V 2g(h 1 ~ h 2 } 

hj < 2/3h, j^l . jlJLL^ \ / \ Li * / ^ ^ ^jAp j y^j-* b <J j*j* ( ji' J- 5 

Oj Aj (3 _ji J^> jj iLiL hj = 2/3 h, a5 j y0 jj . J^j jl jl Oj J-J» Aj (jLjJf -UiL 



Q = 2/ 3nbh ]<v /r/3gh ! 


• 0-^1 O-^) Jj -*ji ^jUlLa 

f k T 1 ^ ^ ^ Aj (, tJO *J <—>T 4_JL>«J JjJ j 

• ^~j|jjl i X'ji ji T/(S ejljLil *j h, j iJ lL» s* — ^ I 




iJKjji iS X* AjjJ 




"fij* .A*- 


^ 4-^J^C \ | J\ ji c->l jJa-* US>j L 

/ j- v' >j- L ' \ 1 \ _ ^j' 5 jJ«i jt 

/ 7 f’ " fX j: kAi 





9 IQ 11 12 

j (C~£ U) 


JSJ^j>(\>-*) JScl 



*-—ih *H I J y 1 ^ 1 - (t-fj 


h^UwL -v e jijj 1" —1*- ^ 


■ j*JjbjJ Jk* I-Ssj *J ^—I k j C-^— 1 t^$ \j* 

L_>«_» (_gl jl ».al- j . z .«! L jl^J^j* 1 j (hj) ji.>■ ji ^ ia.M c~>\j ...»»i 

V* 1 ^*-* -^<_y '-^ £+^ jj^. J^L. -Ujujji ^U. jJ «-jI 45 ^| J jiaJ jj J OJjj 

b h, •^-’brk' '^y <_y yi~ j ^Jjjj j' -La* j 0 ji»_* 

+* i n’ . • i— jI ej (^jl-• j C-jIj ' ■b’jl -—“■ 5 *J jj->«j» ^k-.i CjI^^^-Ju Li <k>lj jl 

^Jj c—-I jL* ^y c ~*INL t JJ.s<j <■ kj- 5 < r »l^Jo-< AS'^ykj ji . *y^ ^y y 

(1)L« j 4j Cl- .»»«u h. <Sr>\ . ij 1 2 hj 4j ;< ^l——J jkj_>- jl-Lka jJ-C b jIj »1^1A jj 

■ »•>!— l _ r >-j j>- ^yy (\ \—^ (J^ 1 * j—* o** j *“■' -J 4j - 

jl _p *£ o~“l iS**y Jlk. • Cw>l ajui ota jLJLj (T— ^) (JjJl?“ _p oL.»k»_«/jjl 

^k— j (1.25 l.sec -1 .ha 1 = Lf J^j 8000 ha= y ^k-k lOm'.sec -1 ^yy 
*£ \ \ iCjC^ jj . .A—ib aJui y *—*&y- c~^l - ..* Ju^jj T^ j b jLiSLa Y * < 

[(11 x 10 x 3600)/(200 x 10 )] Y * aJljJl<ij (wjT^ k—.■ c ^I ax*«j 

_P ^ J-iL u^jJj o jlCJl 4j JbU . J ji y L I— j\ Jl* y j] y 4j 

^J_«5 . J_tL_^ijj (_jI (Jka jJ j\y <; Ij ji t«-j| ^ ia -n J J—^ dJj y—0 jk 

AJLP’k* i»SL ejjJ j-i (JjJL?- yj\ ji . C—-I oJ_t (^ — ^) (JjJC>-ji <C-<Lj-i»L>»_» 

jkj jJ L | I L * ^ l^SL fljjj ; ^ 1 | - 1 ' ^ ) .1. J 1 jJ iM-jl ^k.< ( * - - ^*(|| -|-‘ ^ 1 y 1 ^ ^ C -1 ■ ■ - ^ ■ k IJ 

(_^1 y _y *■ ^J jl J— . -i^LS L-»-* c.» j jl (J^ - ^ Jjl J C—1 oXJ. <^jjS 

(jljT jUj_^-) L ((j j w , t «.-< oLj_^-) V—^L-l jj^lp-L-k t_$sj 


OaX« 


135420 x b y\y o 


r-OJ * jJ e-i —t jl_>- u. j! jl t i « 


k_-jCk*24 -gjj- x 10 x 3600 * y*j} iC—j^k»jl JJ1 juU jIjlL* ^l . o-^1 

C—fj b = 6.60m JjIa> jP Ij b jjb jl y j(—w« L; , J_kU 

ol—~*1‘ Jjl ^'jk Jj iikj^ljlj jl ^ jj *»«Jji k -kS’ jljJ <jjl . oj^ 

jS’ jl jj jl y <-;jT jl-Lka ^TjLs^ IjJ J iC—-I 

• b'kS'jbb 



JJU j jj> j\***vji jl ^3 *J> (*-' ) Jj.A» 



h. 

ry 




(c-aL.) 

(m) 

(in) 

4 

(m ) 

11-12 

1.39 

1.18 

(i 

1.1 

2.63 x b x 3600 

12-13 

1.37 

1.00 


1.1 

2.96 xbx 3600 

13-14 

1.36 

0.82 

jijT 

1.1 

3.00 xbx 3600 

14-15 

1.34 


aljT 

1.1 

2.92 xbx 3600 

15-16 

1.33 


aljT 

1.1 

2.88 xbx 3600 

16-17 

1.31 


aljl 

1.1 

2.82 xbx 3600 

17-18 

1.30 


aljl 

1.1 

2.78 xbx 3600 

18-19 

1.28 


aljT 

1.1 

2.72 xbx 3600 

19-20 

1.27 


aljl 

1.1 

2.70 xbx 3600 

20-21 

1.25 


s'jl 

1.1 

2.63 xbx 3600 

21-22 

1.24 


aljl 

1.1 

2.58 xbx 3600 

22-23 

1.22 


aljT 

1.1 

2.52 xbx 3600 

23-24 

1,21 

0.64 

ai;T 

1.1 

2.50 xbx 3600 

24-25 50 

1.20 

0.87 

J 

1.1 

2.43 xbx 3000 

24 50 —» 

J> Ji u 




135420 x b 


-■ -. 1 (Jut «ata -i-a»js /6 «jl JJl ohjJ jj* j> j (\ Y —\) j£*i jl *J“* ^ali* # 



(u-M jo 





‘r’"' Cr^L— (TJ^ - ^ c —' (*^ ^ j l y«u-J> s - ?- * t/AxjJ 

V 1 ^ J' U •- $ ‘j ^ L 4 ; .,. » . ^ J J% JjI Ji . jjlJu > J->“J 

j' t5 j j jl j -U.> pl^l -IjL; ^ J j—- ^ -o—jJ 8 ,_5 jLS - 4 j (Duty) k_^*j S^> m *i_jjj 

^1 j} i _£*£aj >-.»J *-£j O—.> 4 ; a.Li l_»wl>-£-L*Jjt J <_—*j ^yJcjlj—• 

Ij > 0.5rn .see j j j ^jl *i 1j '—’1 c5^^U jl-t-ia *£ ■ * - -' 

—jL? iS^y, ♦ •■ * ■ »* I.j *,jjl -t —*j <j yj jl I — » . < 5m jl j : «. 5 ^L_ijl *j 

o—l ■ ijb j—»j ( _ r lJ'aj IaAj^Iai j x 5^ jLS - c__*^ <?^1—j oJ_* 

pL*J jJ —i j* -lajlyi _P J jl£ (Jl— (JjJ» jj jOw jjj JL>- Jsui UkL»- 

jl—LJ jtajy^-y c—aI jl i_~*j obJulj (Jji oJl>- jj JuL— . juL*J jl? ^^JjjLi 

cS^Vj **ry cM (jiS* jL»X1 j *j JjL ^ jlS" uL*j o>o» (_jly <—-*j *£ \£* jly* j> ^j 

. a £ J jJL. 

^L-l Lfll ^Uj jj }j~£ f l^l cil : . > fc* j y^> <> o—1 l j£~* ^ - jyy <-~a> 

J>-b jl I j —A w _ . . a . j j }$jS ^-*r <jt ji Jf.j j OtJ—>-l o—l ^1 j* jl —S 

ijljjli—1 jji? <j <S” ()T*—^) ji . jjl—»^ St . 4 Nl »<j j 

. H eJjblO* ij— y 0<U1 y* L#—j v >^i 


{jr 1 oij •■ 5 ^ w ' * J J - 1 Cf 4 *V. ^ U ; ■■* ; f' *' J O J* 

jl () T-^) JSLi JjUfc* ^yj £^l • o—l (Archimedean screw pump) ^Jo^-—jl 

o—l J^b ji'y&j eijj^ J ^ **-? 

j£j* tjyio jl j •xJi'iL 1>*jj ^ ^ yry* *r^ 4 y' > • ,J — 1 






0 >—•*j (N f- \) JSLi 



£> ^ ~ ^ ^ J£«- 


(Rotodynanuc) ^jj Jujb ol i ~ .*1 .jL j <S <£jJyjs ^L^wu 

• <-** c£^ 4 ■ •■■ ■; j j *-£ c—-I a^-iL J-5L1j »_^ jl 11 j • ; jjjl. c—-1 

>■ <• (Radial) » .< o(jj—► 1/ l.« i ' jl JixJjl.. p l ^ . * i l jA ..« 

1_^ -Si jjl . (axial) ^ j <. (Mixed) J*jJU»_« 

^jl S ^ * ( - gl*4 l a i i > «,.< j U. J , ^1 jb 1 0.. ■*., ., Iw..^ j 4 ^1 <■,,. ■> «-,IJ ji twjl 

4_jLj-t j ^\yl ^1 jl ^Ijl Syk . c— 1 1 a_Ji «■>!.>qL..i; (\6-^) <-$ -L'-~—*.-* 

. JJjboJ+P j. 


(Radial) t 







J-a* 



^jt- Lfci jLj> y-w J»jl*** y-~ Jjj*** 

id—jj ^ 1 ■ * i_al ^» wfl ij ^ 0- M Jiji 


D r 5 ytAJ jb T-f-^ 


(jjl <U^L» . JC^S" ^JS, ' . ' .a L> ^-Lijjl ^ ,j-jlj £*-ia —< i-Sw jl Ij i_d l j . o > 

l* jj 1 -.T i]l£kv»l J ^ ^j jjl jloi* jL*j ^ jj . Xjj£ (Static) ^jSwli-l jL 1j JUil 

>J—iL jjLi Jblj i_»*j ^1 ji^i • “*■ J u* jl j3 jl . . .. ♦ j 0_p j-~» j a “ <i L j eJL—i 


;lj jl 4 j <£ i _. «j ^JS" jL I JL! . JbT ij-iU j_j L^jj^l j oLilj 4jjjf {y} y jL y «p 

i Ij ii—<1 y\y jl jUi« j c—>1 ^JL-I jU jl j j-i ^ <u5* (dynamic head) l5 SL*Ljj 

„2 


H — H +h +H+h + —— 
S fs d fd 2g 


(1-<\) 


: Jj*j> jj\ aS 

H 

£_^J l = H s 
<—>1 Jliiil ^IxjjI = Hj 

JUil j jj iJl£k*»l (Cu»l = h fs , h rd 

j' ^ gjy* J 3 ^* j- 5 *Jl ^r- = v j 

. jLiJ Ij i _—*j jL |^ljj>-l () 9— ^) ( j£«i 



■ s’j-.i 


*■ r 


j* - / 


T*A 


hi.. 


.“Hi 


K. 1 


JL >» * fc 

. ■ 


-mJT’ 


jLli Ja> 


.J2_ 


Jliwl jUi— 


us*-*y 


_j» j J i_l| »Ja.- 


a i 


-%*,; (/yLj jl ^lj>l < > ? —^ ) JSli 


L jL 

jLjL-I 


■1 


— I OjL-f- L-uOlwS^flA- • y jl jLS' Aj jljj y y*M aSAiojdff jl 

<—~j . jl jl — *-H J J «JL_j ~jj . /I a £J jJ_J 4 4_>— jL) (k_~J jJ Aj) J y.i yj AkJj 

I a J—i ajtj jLJLi (\ V— ji yjj y\ j y -^* ** 1 jl (_gl.^.».> oL^j^ 


jikW>>ijl yAj 

* _ - 
1 ^jj . c ^w *l ojLaz^ ^L«L5 v->^-*Lj^Ij ^ ... t jl ^oL^ j4> 

'-r’y jl y^-r^j' 0^ JIj-O—I J*-* c j> V 1 yr~ ^ Wr-^OiU- 5 

wiT (_5^/ L» jj ^L*l5 La a_£ y Laj y 4 jt—S’ jl yi jl-Li-« . (O-aI ^ .. » * JL>- jj 

yo 4 j-iL ijjjc^» i—jT jJ ^L*15 jy 3 *-* a 5 y^oik _p 4 ^yawjS’La jIjlL* \j 4 JlJ jl 

yl OjU j (_j j^*- 1 y^ jl-Xia JLiL j y X.—» >_! ji yX-j gyj 4>y Ju»j aj yl,! . o—l 

jjj . i^i...I k_,.„»a jljy- <3jj yVL ^gl ^.Xil L yliaa —I i yrjj>~ jl y jJLS1jl>- . JuLa^^a 
A *^0 «^J (_gL* AjJfctjJ Aj J^a^t (_gL* aJjJ jl 0~>,“l ^jJ-A-— (_gjljj Aj Ij 

Oi' j <Sj ^^ cr^y: j' '~r M , ^ f^ j- 5 ^ *- aLi= —*' 

o-»l OjU y ■ * j' V - *^ j' j* ^—-I jl~i ^j* f j^~~* 

• ^(J-**-* lS( jtd^ jl_y l^ly'-i *—'I j^l 






'I'■'A 


f'J J ' j*- J'-fr' J-a* 


£n E^r-; 


jl^> ^jJ i_^ 


Jj 

}5, r 
Z V 5 

_3 -' 

o 


. Le^' ^ J 


y 


,-t ~ jli" -Jii; 


i / 
/ 


U- 

}i 

l \ ? 

-11 

_j 


ZJ° ^ 3 « 

j 4^r» pj-' t-%~ 


N 




/'" V s - 




O -.■) I N^/ 

° r-v 

i / 

/ 


\ 


\ 


.j- T^P 

t 



I ^ 


'1 4 tL'P 

'is 



y N ' 

1 .y ■ 

1 Pv 

1'^ 


!_.../ 


J — 

/ 



/ 

, 


-*-i f> j 15". 


uv; i 

C>*> J " 


::-.r 


* r 

? % . 

-; ;i 

_3 ->C 

•o 


^j>~* jL 


V 
' \ 
V; \ ' 

V\ 


<* t* T*i 


\ 


y sv 


*i ^>1 J? j IT <nL’ 


V 


J. 


C> % 

Lf_*J pjjjl O lVJ.fi> 1^1^'_~J (W-S) J5Li 


o iog iSP 

C>Lfi J 0; - 


e_Li ^>-1 J& 4 Ia at ji j Oj N\j .jijljil 4j C.-w*.J o_ui wi j~A- A OjJj 

i£ iyy* ‘ ^ V • j (_j^ ■ J V" (design duly )»_—»j j\S 

. JL*\ Jjbl y ^%J ijlj Jl l£jj j(—i —* oJ-1 ( J>-1 J& jl. l .4 A jl ^JLjJ CJJ C. ..-'I ojL-1 ( j>-l^i? 

. jlT (Juojj Vd U ? *) JL-SJ jUjulj L j\ - j li —1 4i«b ji Jujili L^~»j 

* IJJ Jjlj ji k—>1 ot^j —aj <-> j l a 4 t i_y| jijj'i/L ^LaJjl ol0^>- 





• p- 5 aA— j aj »-Li 3b>»j! j'bjL jl b jL JUb ^ybl ' 3 I ,_yO <>• *® ^ ■ »i -^il jj 

b ^ ‘ a. ^ bba.Xj! j . (-Lxb A 3 . —i c-XjI aJ^J » jb—a) J—b - q . j7 3 4—5* . ~ - --X ^j*l4j ^3 jb ^i ^5\n 
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0.9 x 0. 8 


* * 
jlj-JO . JuL L |>^* CXyiiy^* ij *_>■y L T| J T]! I e, «, e, tw~j1 y^ “*-5 3yi 4_>-y 

^ jl l!—* 1 Ojl-fr JuL*j jlS" -UL 


190 mm 
6mm. day 


— = 32days U 760 hr 


. 3yi <w<l>u* 27 kW wfjJti Ij j\£ <ys -Lrf 8 * * • ( yiL*i!y >. . o) (_jLa <1i j> 
. (opL w^ljy-5) kWHy» ^!y JL, f , \ ^ljl <u <jy Oj* 
rvx w *. xf x > = u .y • jl-j3 JLj 

j iJUC-L* Cdj jLS" f-ljl y yj * /Y jyw 4j 4>-y L jy 4yj> J <—jli* j3 4yj> 

S L tl— 1 1 yly J-Jjjl^ yj C-*j Jhj 8 * 
lyfx TV X o • • K o = \ 'A' " jL-j3jlj 

^Ioj j3 lj J i£ JJJ^-i- 5 > .» ^ly (3y jJJ JjLj Jyi j«* 








j\ .jUs-i l Juts'(n-M JSL; 

















1 j ~ ' Jjl fr 1 ,.!L:> . <S^J (^jl, I ill (_g J —1 - > »_a 1 j ^~Lj- A..—JL 1 ? fr j-.-~_«^ I 

. -iJj— m i3L_>- ^jlj { j^ —- j X-Jy 'j- 41 j- 5 ^ ^—*'1 

JL-SjljI . JuS lj-^j <JLj3li«j1 j Jjl—» pI o j <~j\ At jj\j*iMj± 

i. LaLj.} 4j jjy k—jl o*A j>U*j |j 65y-*J LaU»- J^ 

V*j1 L-^ JM Aj 4J? tj jl V^>Lo_> 0*-^i ^. jj y^ti ^jA •ijlj \jbjjj% La 

Ijjl^.p LjS'L?^ Jl y k jl (Lc3ching)^AA a s ^mi i 

j-L-ljj-J. Jj . -L-iL^ j^L> £i~* c.-li—. S ' JJj<o 

i3U^ AjN jJ i_£_*J A_£-j_*_p*_a . JLjjtj 0_!L>0 (_$?■ jL 3 " 

Ij.i .£• A * ... .* t T. j. J- ^S i-l—<1 ^i—»—£• i5L>- Q.1_»* jj ^ -a . ^a 

lSjLJ J}-* j-k-ij^jj 4-S jLw J--ljP jl j/j . *j-$^ 

t-J^isj> \j jJ,. K - » .a (JjL^aJjI jl y ji ^*> « i « * ~ *JkJL>- j p; !» ' jJ ^saaljl O'i** 1 j 

0-L* 4 T .-.,!< i^plj I_>T^»L3 jljut* ijJL j djj ->jj Juj\j Qlj>*« j*>-\ Jhulj^tjS \yj . C-->1 

• jl Lf^*j 



o JjJ- -o ^L< . j _ (■ VA 9 

^ j3 qT £>jp 5 CUg 1- 1 ♦ 

■ J t-' 1 j - *l^> —^O* i_j^i ^ k —*''*-' 

. (iJl?” ij^i^w") .ill?- jJ 2j>-jA L-jI ji fl-Li ^Jj»- O — 

(Adsorption complex) iJL^ oljj <, e-Li i_jjL»~ (o^jLS - ) Ojj_^ <o_ 

• ( -Oi L ^) 

. e J L*< ^ '• ^ 1 L-'j L — 

l \*> y~j j Jill e-L-i iil>- oljj i—i-L»- <5 ^l^Jl j iil>- Jji>w« jj 2 j-yy c5^j-j 

. o—<1 ^ y y iJjL«j k-SCj ilL»- jj ej—i j <JjJl>«-o 


(.jiL) jbj^; jd*“ 

lilts* olji 


: L—- 

: ± 

‘ -5 

i 1 

: i < 

r ■■) 


dU> J_deu 


* 


s-L* i—'j j 


•* 


tiJ L> j i If^-C i$ 2j>J iS 0 - ^ • ) 

l— jI ( e i^— s ) i_jl { *< & I s-L ———4 L ■ . — —]!_>■ jj ■ — -^*j— 1 ^-rr^y 

ijl A-ijl ^y jj J^j JL5L?“ 0-L1 ^jijy* 3 jy* 1 5*^*—* (_$l* i_y^J (s^C' 1 t^s^yjjD 

■ i yr3 ‘‘i ol jcr*j 

Jiff J$bu> 1-1-1 • 

• jl (^y* oil Jjj J->■> *5 ui^Ji JiJ*** 

. (K ) j (Mg ) pjjo <. (Ca ) IS” i (Na ) p-s-O t Lf» 
j(CO; ')ols/ C (HCO,") oUs/^ C (S0 4 __ )oUI_^ . (CO JS : IjJjjT 

. (NOOol^LJ 



* AV 




. o—I vNa ) p-j-i— Jjj Ci—jcLLt- uo^'VL jy* ^L^jTb- jj^ 1 jl (jSsj 

(Ca 4" Mg ) ^-j -3 p" ^ ' | ‘- ^ - j L iv ..—1 5 !j iJL>- kJ^L>^ lap ! >, ~,-, ^. --.* 4j>«jLj>‘ 

jj— jl 4 j J—iL L^»^iLS^ j\ a .a _j £> j! j . +. S j— o ^Ip j jjm JSLXj 

Jy* (^l$5L»-jO jT jl-lii ^ JjO-lpS Si L^S"l>- jJ (K ) ^ ..-Lo olalp . -Li Jl*I j>j 

J_jb«_e jO fjj£j Jaj -P lj l$Jj-jl ^Lc*-jl • c—I Jj-iJ--C- kilj-S'U- jl ySy, 

^ ^J^y^ <y p^Ij (SO 4 ) o>LiJ^— j (Cl) JS jjj <*j> j\ y .± jj— (_$1$-S’Ll 

i3L>- J J>*-* j-5 j-j (HCO, ) ob^-S" ^ Oy ^jl.) -Li Lj ^ / A j j jl>- jj j j— i (jjl^_S"L>- pH 
. JOj— ^y> jJj-LJ (C0 3 ) oLo^,-S^ 4 j 1$J|J0j5"^ JoL ) jijlj_il pH £\ j O—lo -1*1 j_>- 3j^-j 

Ju-J jIuJL. o—I eJo -—•*y A/j <0 ilLsJ JjJU_* pH ^jU*j L <S o—lo JOL ajl—II 

. . 5 y JlaI y*^-> oLj 0 L 0 J*j 0 L 0 jS^ y 

0 -J 0 U «o j- 0 >«_u jl j. -C.-> LJLp j ^ J kXw jLj I ~j .-i >. j- Lj 1 p 

Jit JO a_J o-l (CaS0 4 ) j 2H 2 C) j (CaC0 3 j Mg C0 3 ) ^/L-^ULi 
0 -J 0 U . Jo l ^y ^jU- jl S0 4 j Mg j Ca j ^SL»j c ^..,«-pj 

Ul . o—l (= 50 mg/L)jo cJVI j lXj jl pH > 7.5 ji (CaCO j SjA Ja- 

JoL ^ijljjl o J—i 4j <. jl aI ^> \->- CO, ji y. .ju>- <j pH < 7.5jo 

MgC0 3 oJLli . o-l JjU Ca(HC0 3 ) 2 ^ ICaCO, + CO, ->Ca(HC0 3 ) 2 j 
^Vlj^ljL.t .L* Y* j J j^(CaS0 4 ,2H 2 0)^J^oJoli . o-l CaCO ? jl 
. o—l iLj jL-j JS j (Na^jwJ— ^l+SUj J*- cJLU . o—I (= 1500-2500 mg/L) jJ;j 
. A40 J : * >> --J JS j p-J-L— jj—i t 5 Lj_S’l_>- J y 1 j L^jjj plapl 0 - « — -i jJaj JjI jl 
i3L^- jl j o.i «— 1 1 L <1 jy^-\j Aj 4 S ^yS ^y C-pL ^IsLp jjl J>- o-Jo Li ji^jV L ^*. 4> ji 

^^1 J e-Li O-i 4j O—l ^rS jLi-f-L— O—JoLi *S *S jl JL- . -Do J£ 

Jj j^jL»- j e-Li iiL>- Ojlj |_^ 7 * e-Li (—j JO^j— ^TJ^~ -^1^“ jl y •'•’• * * L 




oju oX? (^t^3 ^jtr f-i-i * 

Q..-pl>- jjl . joLm oJo>- lj l-jjj-jL5^ Jol y> ( j» *S o-—I C-,.-pLl jjI (^IjIo i3l>- 

y-* (^L-fJ y~>\S j O-—l jLj (^Ijl-i i3L>- (Jj.Jl. *> JS olji C- —I JjI ^4 



'A A 


j y 1 ■ » ‘ 


' t j - j*. 


L^jj-j 15 w>-A>- jj (j iJL>- y lily . --bLkj ^ Aj lj —I?- J jl»u jj 

_»* _jJ Oj^Ij ^51 yL_a '_>-jJ J e-»—t ob jUli ( I,C j_CjL»aJ^' vl—a'A-P a 5 -1- ■ jj^jLT 

. a j> ^ <^w> y (mcq/1 OOgm) c5Liji- i!U- ^ ^ 'i « • 

ilLs^- Jji 4^ yL^jJ -^b>- oljA Ja^jJ oJ-Ji >—'-i>- ^LgJ j-JLS’ yj 
—0 Jj J-7 1 ^ 4>^l_X»- _/^l ‘ '—' , * 1 ' jl i JjL*j v-£j ejl y^JA JUjb 

L lj ^y- jy (t>) olji a* a-L«li ^L^j j~^\£ t JLiL L yl j~*l ( _ # L'Vj aj Lj (a)ilUi 

j.-CiJU olji y y-L*- 1 Jyb»x_* ^jl^jyj\S jl ^jl-Li* aS o jy> y I aj . y ;yJeu 

. (.5j-i A*yl y Y— \ • ( J5bi 4j) . Jjl y *yrj aj j_5JjJl>- Jil*j 

c^'-fr'y b£ j' ur-^J* J a j-r’bS 'jij • Lu—~I yjj 

J—J Ajjb jb~C~J J0 4_£ y l^jy) J •Jjj—*■ y« ii b" OljS y_JL~j |_f~-* 

j L» L L»j ^la_i jl Lfrij-jjLS' OjjJjI 4_>-jJ . t y cju&l .... a j_L-i k_^Ju>- j^Oj jl yb$JjLli 

! C -.«l jjj Oj Aj iib»- ^_L5 jis olji ^la.« Aj j J—t v_>«i>“ ji 

Ca ++ >Mg ++ >H + >r >Na + 

jjjL*) jl»£1j i—Jlfr iSL>- ji (Ca ) (Tr~^" a5 ^L*j ll ^I^jLj 

(Na + ) wJL-. jjj aS - ^1 ^ ,^^9y Gjb i j^j j ( ^Lj5'L>- jj 

aS” o«~»i j L __ j{ \jij • i -^—j*5” <j! jl^»l L j AJwilJJ ij>-j w'lji 

jl jjl . (jl yj j^jL>- J J->- J O l-i->- ijLsi- olji ^la— a jl Ij _ ! — l ^ - jjj 

jl y*ill i5b»- olji a ; •“ ^ (j Ji 1 jL) 4 0-^1 jljly 

JjljJ y pj,,l, ^yL*j Li. I . (jl—i JLal y>- 1 J.. jj t jL ^yl ji) -LJlL ( ^-* pj~L-*i j jj 

jl ilb- J jl jl (_/-*“! bj aS” JbL»j cJli_il lj iil>- olj j ^o~m (<l Lfrl C.. *■■... i 

^ * jl jjUwJs jy—1 j L ,w jl y, ji ■ iU aJUi ^[^SwJ 

• “^ a - 5 (Jr^bu lj i3b>- (J ji>wa 


jji ajq ajl» ki*ijb ts ^jL j jl? j^jua ji qaj fajfjj r~ i -1 ♦ 

(JilJJbji) 

oljj k_^ji>- aS y Ljjl J 4JLj»b ijl>- <Jyl>i_a jj *S yL^JyjLS^ jljla-a yj aJouIj 





*S Aj ^1 ■ Jb y* i y‘ — y> (Ciapon ) <j Uj! e_Li i)U»- 

' -_—1 e j ^j~“ *■ | ^—ciL ^LSCiJ Nu _* Mg j Ca j\ jT j-JlS” 


Na + , 
ads 


(Ca + Mg) 


Na + , 
sol 

(Ca + Mg)+t 


0-W 


(sol) Ji^Lpj-jli' j meq/IOOgm ^ (ads)»JL_i ^JU- ^LjJ jjL S' 4l»U-* ^1 jj 

. JC-iL;^ meq.LT 1 y 

►Oii'oJk*. ^Luw ^ 

t Jm yi» J If! j*j IS" J j ) ij>j* \£ ^yr 1 ^ 


C-Ji> 

3 jj-l'S j^ ^ 





_/[ jj JaU; 

J ji*y* ji b 


[a + b —>] b + a 


/ / / 
/ // / 
/ . / / 


J-jL5" JsCj JLb I ji J yUf I ( V — \ • ) 






■SJ.r* ^ jr^ j • 


■ *j-rj 


T «L ■ 


* jjji j j . c—* 1 ' / • ' £ L-^sJ j' “S c—J. --Lp K. 

- ^ -J1— Ay! l _j-° Xol [-a-C- <U ^->l2T JoL* vl t S Jl <S” ^yAj »*J ^L; 

(Ca + Mg)J + =CHC-Na ;ii] ; 

t <*J ^ Jl 


Na 


ads 


CEC 


100% = ESP (JaL* JiU^JL-JUtfja) 


Na' 


sol 


(Ca + Mg) 


+ + 
sol 


= SAR (pjJL- - 


-j) 


t _L«I yj slJj y*0 4j ( 1 \ * ) 

1000 (0.015 SAR) (T-W) 

^ 1 + 0. 015 SAR 

oJuU j (_jiLj jl—i *S o-^l i_$jiaj ijj-j 

SAR j ESP lI»wj1 (_jL^JLjL»jI ^*1—*1^j . jJ jlj s2-JL>o ol ^y jllT 

£ JL»xL jJJ <lJjy*0 Aj aS .ijl J ^yj?** Aiajlj 

100 ( - 0. 0126 + 0. 01475 SAR) 

pep - -1--- 

1 + (- 0. 0126 +0. 01475 SAR) 

jp^j aJa_i1 j . sIjjLoj (T-) *) 0 Aiajlj oi ] e»XALi—« a£ 

. Sl«w2 aj-i 6-il.i OblLl (V— ) • ) J^ OJ* 
yZJ jML t JLiL 231—>■ (Jjl^ a oJclIp j ^ 1 a 5 JUo ^jgA jl Jlj /pi —% a 

. s ESP ^Ij-il ^rj_. J .JL_A fU: (Ca + Mg)^’ * ^L_h t, Na J c-tli 
ESP j o J—.i ,jj (Ca + Mg). uls *3-—j aj Na ads + j J—^ J-—* j _p ^S-e-y 

■ ^-y 








J ~ A j —>». 


Jl£ p jJju f -) - l ♦ 

. L - —**) 0 L£je j tj La J u -i-v l (ji J I J-ie 4.SJj L -—»i ■■ ~ - ■ ! * ■ ‘ - - -,■"’ L*- k_S^O .ll L- jj^^-i 

^J*-£- ^jLs^l • ^- > j-* (_j^ ^J^l—i lj —* jl ^J*Aj jf> i.. a l z >»-j ujL^-Jul 4 j—vj »j ^jl 

j*jJJ 0^>- J O-X"I .ill-J*- jJ Wx)l <S*S yr- Lj a 1 ^ ,- o .fe jl jl^a 4 ^jy> 

Jj-i <0—frL iwjI ^jy J (jJ- 5 y*~*0 <S*Sy>- . O—'I j?~ a j? x^Lu ^zJL -^*- 1 ^! jy * -" 

jl L^SL*j t j^jJjL L (JIjLjI jl -^L^j oj-I^-SL ill>- >-«-.p ^L^jj-z-i jj lSLw <uS" 

4jV p ^J^e-i ^aJ>u (_£j 4j JzS jl jL<xP-l 4j j eJ— i 4Z-»-Ji iJlp- ^Lto Aj'if 

I^jj Ju! (^LaJl jUj jJ C~!l>- . iL-—‘I dib>- U .» jl pJLj wJlj-« <j ^jiyj 

4~>..tl Jl? !j*L lj L>wl jJ AS" eJ^aJ yZ-S J>- .i}l>- ^jx ix— < (_jL* 4 jV i_J 4j (jLai'l jl X__J I 

JjL ^fijljsl t j>ijj—* 4 jV jJ x^jj-1 £a4»»J ^Ja-Zi jJ j .3J^ J—4*x-J L eJ-i eL^ O j>- ^>_p“ J 

0-x<1 j^-S” jl—xxj L—j ^is j jLj jL~j (jv-aJ-l jJ . (-5^** **->-\jA <—aJI t 1 

of jJ 4 iJjjl (*-* jl 1 * o!-l«j j e ijj wjU j Jy L^jfcj C'l ra , l c- l«il 

. aJlftLL* 

J5Ll Jjl . JJj_? aJ-»l_JL_a i]L>- jl lS~<u gj y (w-j 4 f - } ' ) J- 5 

4^ Ol-iL ^yjjJ j (JjUjI 4^Lj J-5 IJ Of tJIjisI (^U4^>1 j J (jjU) jl 

t-Jl j>- J (JLa^-l 4j ijAj C - .J e-Li iSj^ *jlj ij 1 ) ■ '——'I 4L» j£ jl (,5 J^jl jl jj J 

0-lLft L.,i,,.e 45" (_5 j jis 4_i . juU-> L»«jL>- oLg-^- jr«-* j' 5 j-r 1 lj 4-^ j j—i ^ ii->L 

•_ (^1 f *- - i jj i-5L«J jIjLL* . c—-<l U <c-!o L jj £»-4»»j p5lJ^ ^ 

cJaii- Oj JJ OjLO_e ^^5 jjl> Aj . SjZ* ejj jjl jl j'ui-e y f->.jy (3U->I 4j 4^-yk j 

«jjLc- , t-l'i~..xl lj l—-I o-LpL* i_5vj ^z-i-j jl ^Lej ot^-j-wj j jJL>- >wAizi»_* ^L^Za——> jj 
. Jul y^-* tj^%j y <S -Ljli jLJjL-w ju-t' x—1 ^4 j 4jl—— e^j 

• f^’ 'j (jl j ^j ^Jo- ji' j' 

3 jdAfivtf -c5J^^ J 31 *-® *” ' * 

‘ J^aj ^JL <ii> yj a Jj£ *~> J j j'jj ^ 'j ti J_T- J 1 ' * 

jj-i ^ iiU- JjJL»^« jLii j^zijVL <l~frL ^5 Uj c .l rt t l fr ^^ijljil • iSP - * 






O Jj j-z*- j*~* **j U j ill_>- (J jl>»_* ji jl jj ~. ~-.-la-lp L I oLlJ 

£_>L» j .st>«jl C~-a-^ aL? ^1^ C—jI .j^Lo-a ^r~i a 5 ^yl-jlaJ 


•Sj-r' J j ^ 4 J - f.V'-R- 


M,T 


pja£-\ 0-»—~s L» j -LiU iljj JL?- ji *jJi—« Oj j aS i y '. i3\ff w/tjj ^iXieJufl^ 

J y*~ **■* “* w l *» ■ ** " 0* i k-OO—j J—J I j Jl>- klO. jJ 11 . * e *J_** ^_J Jc>- ^1 g ; 4J 

• ^ y* y b jJ-5 Xj\j3 j 


w>ltfO-c 1 - X - 1 * 

** *^ ^yrj yjy V 1 j L-km o* j^ v* *Z ^Lg^Oo ■> jy j- 5 

*S ^b-^ j^b-fb * (5>*«i tsjj*} U-‘>Ua^>l \j jy if- • wU:> ^r 1 y> _£* JuJl ^ b j-s o"' 

jj-i ^LjS'L^ jj . JjI jjU j j-> {ji\jt j_iU jili -uU xS y <y a?- 1 j i y>~ jU ijj» >—0 
^^•■J J 0 J_i 4Xi^ kOl*.j (^Lfj^J Ja^^jj <0 J^Ju**-* ji i J>~j-a !^_jT ^L^J jQy jl 

^ilS"«jl Jjl «o *& X^-y c ^>1 jj aLJ* <>wj ji . jleL_^ jLi>- 1 ji (j^b 4j 

. ii^ y *—A3y> 01 -J-ij J a.b.3 ^ Jw=> l J_il> i_j^ ia 


Djljol 

L^OOo oJqIp ^yj^jUj ' ijij ^-0 : .-j o-. — J J_b > * j ‘ J5 C~Iaip L <_£j^ 

iil>- Oj^la j aS" Aj A?-^j L . CJ15J-.V.0 (^L*j jjj ^-jb ^<i>-LJo Ol^-^ Aj I1 j 
A.« — ji J—*£>y Aj ^__i C-lai^ j Ow»<il ^ ■»■ JL>- i—1^* 

liL>- jl Ij jjl —j 2jy <—aI aLj5* A^J ^Bjl-lil ^ylajlj—i ji ^-j i_S0»j C-iaig ij—t 

y.J j AJai j (FC) ,y>ljj xJjo -i_>- jjjj b - 1 j^- jb? 4 y “b^ - ^ 

Aj JJ1JJ j^«-i AJLJjljl ^jL>- A_S^ j XS OlL^- jl (WP) 

J b^~*A j L —J J^J a-^J-i>«-a /jjl jJ ill>- fljl*AP 0-ijjl Aj k—J 1 jj>- La A-ijj 

1 *.Ulc. j ej^4j fQ ^.11 X~ij^>J j -lfl-i ji Ij -iiLs* - t T .j! (_^Jp^j (JJ . ^ . lo P-j-^-C- 

(SP) £Ui( *Jaii . Ja jljJl O-0 oJ^T O-^-i A; ^1—0! iil_>- j! t£ ajUfl_P y <SXi 

J Ow0 0L>T j Jl> ^1 jJ ajl.^a_fr <S C-w^l e-L-i »_jL>wj1 (J^ -1 0^^ N 

J^h j iXjS j c-jO ilL>" £j-i y ^L«_*il oJL>-jj .i)L>- x.^» y <S jl 

. C~~0 a^Ltf 

■ * y* y* '~-yy> y (meq.IO 1 ) yJ y cJ^/ij ^ ^Jy ^^ y^ y**-* <-S^J cJili- 
jijjTC—-J AJ jT J O--I --j-a yjj xlil c- aJljjl I^\y 






j*j _^wl j 1 _^^>J'| CjIaa . Q ..-I ijL>- (j^l»«_a jJ (ll(. j\<Xaj>) ^jSjjlSJf wj(A4 

f ’( J 1 ». «dajAj v' 'r*^' 1 ^ ^ -A..-^Lt j\ yi _7 ^la^- *>Jai1j « ■, -a t ...a .~ —, 

ij I ol iSjj j■ j o iSjr^ *j^-Ajl !j J 

*5 (mho = ohirf')o-J ohm mho . c—'l mho.cm'" t _ # So jr ^3l c-jIJl* ej\X>\ 
jj (SI) ^ . L LaJl ^j .j ^ - ~ -— w .»- ji . Ju-iU o~«jl a_j (jjajlJjl wL»-lj j—i ohm 

^LJLSU- ji . (Simens) jIS’aj (m) jj (S) Jb-lj dJJu* 

^ yj jS-j* j (mmhos.cm ') ^ j^> t _ y L>» (jUJU»l j uSUi cJal* Ql^' 

L>-jjI ji(l moh = ! 0 m in ho = itf’|jmho) . c—4 ^lj (|imho$.crn ') j-> ^ L- y 

jji j*j\j ijj jS xj ji iS^ji ’ w^i i y l ■». ^- y>~ aj iS .-y - '> EG aS o- »» 1 ^S - JLr 4 j ^jN 

ojljjl ^5" ^j-i a»-j.> Y jjljjLu^l (jjLo ji EC^j<*Lc- 

. Jj yZ ^^-waJ Ojlj^- A>-ji Jjj! Aj C — ~—J -AjIj 


Ji cAU 


| (jL Jj—I jli> = EC * 0 36 | 

>o mg L 1 c EC* 6£Q 

(mmhos.cm ) 

yi 

J ( bars) Immhos. cm } j 

m meq L 1 - EC * 10 to 12 

S 

X) 

/ 


._4A ,-.blc (meq. L 1 ) 
(mg L ) 


EC (rnmhos cm 


jLli j C.klfc j ( 0 - ) • ) 

_>T I. ~« ■ JL~S Aj J? _fij-A £ ji j IJ 1 j ^ 1 jS AjjS jjj 1 y_f AjjX . » ■- I 

■ J _r* l-^si J Jf~ 


(JjJ y J y ~AP**J> jIJlX* J (EC ( .) dilsA- ^—-1 «jUa»^ C-j(AA jZ ll L a!»jIj jJ 

> . c-l. J^>U- Jj jjjJilia ^ljEj *S 0 - ~«' <S3j£ O jyfi oL*-HJaa l 1 j j ji 

i J j-o-1 (_5 -AAj AaJ? jJj Ojj^a Aj J J -A-i J j{ lj EC f 



.*—■ J ° “; - a ; -f ^ 


* 6 >9 


ECj - 02nimho.s.cm 
2-4mmhos.cm ' 


L ,L. c\J 


s. 


4-8mmhos.cm 
8-16m mhos.cm' 


> 16mmhos.cm~ 


wH L—lJ Lfc \J> -J J J>- U 

- V • L> > * -X T- 

—; jj |»-p 

J^b d-. IS ' jl^j pjLib jL*L^ jiii 

JJLilj y d'L>- A*b1 Aj jjli ^jlJLo jlftL? iaii 
jl JjL* jl jl_jj { y Ljj! c5 JJ Ab d..j eJ-i 4-^j (_£-Cj 4 -LJp y\~*\ji 

. .ijjl O~<o Aj JjL y ( ji-Alb JL^ji i 1 i Ifi i W t 1 iJj^A^a jljuL* jl 4-tjl Aj a£ lj EC c 

Jajlj-i ji *& jb yLy%~lj jl^J y eL^ £jj j EC. ^ibb L> Jjl-Jl>- ( Jjj jl j^O O>jLp Aj 

jL-u LjJSlIa ■ { ^ ^ -Ul _p- lji_»j ^LaU j~ 1—i>- J J .1^3 •*uA jljwjt Jk3j ij yfi 

*S<l ~.iblj ( ji«Abjlliill-bL j2 EC c < 1.5mmhos/cm y jc— 1 —>■ 

. JbL> ^jLAlb jl J j+a**j> aS y\ojJu J cS Ij EC c > 8 .Ommhos/cin o-4 jjU y- 

dol-CA 1 JCjl jl ^ j A —--^ jJol> jl 4iL?“ j^jlj 4^j.J j^ij-*** 1 Ab (j! 4-^jb- 

(Jjl-C>- jl oLidl Li j (? — \ * ^|5wi) ej iS jS *jl4jl lj (EC t .) £4—2*1 «jL^<ip jbll 1 

. ij lj (JyA >«-* ^Ib jljJL* j!jj |_C J_J-b Aj *--• ■ — J OLa 1 ^ d—*jLi« Aj iffjjy 


dLf T — T — 1 * 

(Jj • ^ Js* '^ J . >JJ-* i ’-f 1 ' tj- 1 j 1 —‘ 1 L -fr^ kl Jr 5 J“ 

Jb«- jl ijLJL 'laj p t lj Ljj^jlb aS" O-Ul .1* ibj jl~-j 2j\y 

i_-bOj^ Aj oJCCb ^ _ » eL^ (^1 ^j C JbL*j jjbxJ « < 

jb>u! 4_b Aj A_>-^j L . ^jLgj Cy.^J y»—i■•■ J ^L>jl Q. «<i 1 j—>> b3l—3^ « ^EgbLa-i 

jj^j"Vlj j j^iL jLj j^j jl C.l a lc- Ab y O jj*** ij^ji <Slj^ aIw* 

-C«J ^J jb_^A J Ljjjj C ~> I JJ O —«1 i _5 j*—“! i£jj ? J (jbl jit Li j ^ 1 ^ 

. jL y ..u jl Lfril ^«jlj Aa~j} jj jS 1 JL>- j eiy^t jj\ oL^ 

jfi J 1 ^ OjL i3U- Jji>w» ji 4b ^jlix>T_ja (_^LjjjJ ( j-J Jj 

jj_i ly5Ljbl4 J L^jJ J iS^J J jl_jj C-yyjJ J-»J A jLp jl . C ..i.nl yij j . t . * 

jULb j\ j-.~-4-.-i 4j ^-wb jLAL_f j o j_»ji j Li^»-j j id-—-.»I_>- . j lj Lfil 4 —JjL>- 

^Ijj 4 JL. tbj 






T«,V 


jlS’jj.'U ji , <__>l Jjljil L O ! 

*r4P jr*> * J j ^ 7 * 

■ -y 

#jL<i£- jj *!Ai> jUyjl J^ja j! (T) 

njZ^s* £l \j*s~\ ( lOcc : jj*-) ^Lil 

<&~j jl »>UsJ L (H 
EC jlpLArf I j> 
• uj 

ib (.1^1 juL EC. ijjS «jljLil ji *S (?-S • ) 

UjLJ j d —*1 a i j y^*~ dj-M'i -'—d ob Ol^SP^^U L 45 “ (Saturation Point) <Li 

Ij Jjjb / -+. T SP <ifljL»jj> . c—ib £A~a >1 ojj-»o o-jjIjlL» L ij 01 

Jj -L^ji u ^*i . C~J tj-Z+ji \J l Ji Zjf* JjI . ^L-il J cJb- JLp^ l j 7 ^A 

^^f 4 ji #ij_^>fcj C—*i wSo C-j^j jl > . SP <iajj 

^pIjj C-j^t j JL^ji J (SP) <iaA/jJ (0) C-J^i»j ^yjj JU^j^ JJjli Ja yj* C-lb 4^ 

iyljj (AM).^^Z—«i C—»^l*j JU^ji j (WP) aJo-Aj ji C-J J*j ±^>j ij (FC) 

■ c — 1 j’A* yJ cf 15 

SPji e = 2(FCja 0) 
sp^e = 4(wp^ 9) 

SP _p 0 = 3(AM «d.b ji 9) 

c . a£ ._** \a*~jZa d-ib L ^L^La- ji - 1 _>L ilt>- J ji l_£L«j dbaJj' CL>- »*. ^ j JLaIS 1 C 

. d*«*I (SP) £^*>1 <iaA»ji J ji ^j Aa-i-P jjl jJ (AM) ^*1i ji J 

S ®jCaP d-jldA <-<* (EC) d .«»' A>-1 jT L t'iS *& d^jl J> 

^Jjli k_jl c-»^j *d«lj ji EC = 3(EC e ) 





. -Ijw ^L>| ijl yjJL pu» j2 U y o i a lp <5 2j^ ^y jjfclia y' K *A j iSU iJ^»j O — 

0 .-<> •« o- jJ j* Jul-j C& i. 1 .1aI p ^VLi O - ..*,ftl Cu Jj^o jj 

^jJO* C~.«> «. . > *. JL i jLjw UI_^Zp 4 j BSP <6 <!..—i 4 j ■ Ji^.j 4 ZO 15 Na + 

j.j ESP X «1 u Na /Ca i q Lw jlaJL* jlS* 

j^Es d - 1 L_S"^>« j *+z~* j j! jjI>«j Jl-v^j^ Y • Ij \ • jl iii>- 

Li y^j Y * j( j^VU ~«..> jj> . j>^_j jj*a!^>*j a^W 4 j 

y*i <-£jj jj pf-^* 4 jl^j^ . Ijlj yw ^ . > 0 *>* . JJ i> y® j ! > 

^Ju. ^w.’ Lw >- oLaL^ jJ . Jj— (_5^ jLS 4 j ^j^s-l— ol_jZP ^ 

. J—L y*J J—j Aj jjli oL5 Jl—(i^ ^ e5-5>- o jj ^^*1—1^)) J-j3 jJ *y01j ' (i 4 j 


w»!■■«.>• oU'U i jyj ^ Aj c eL? (_jL* a.JLj ) ,1a. «jj^ <j ji5 O^j (_JiLji jIJjL* Jw>- 

(jjLft O j!j l 01-5”^® t «j_~» (jI a^1 j* . -UBfcj •■■■* 

i3U»- ojUac. jj ji5 j|jJL« ,__fl5 j ^le> Aj . ^Li Ij ji Cyj i <_ail. -» ^» 

jJ ji5 J — jJ . Juilj i]L^Ja>- e 1 !—^ (_jl^j -Ol*j jjl>«i ji cJVij ^ 1 i' 

Ojj J^*5 J.5 ' /di Ij ' /T iS Jj Jj ji5 jL^-J. J~>- . Zjj ^jA jL5 O - * ji jl-p <1 (+-* 

. o~>l «-lJi 


•j 

ji h^Pail 

ia-j-jJ j-A~£- ^jt\ w-J.X_>- 0—1 oL-i* jl—> ^1 j-P- »Lp j\ y 

® ^rJ® *>i jt • ■AjWj ^j - 0 O—j.*—.« J jS *^"' w ^ j^^ljj 1^ <cijj 

C-iaip Jj^-J Si y*-»~* . 2jj ^li Ij ol>«Jjt ^^Ijj j oLS* t eOBs^-jl y 

2j y {j>\ J 2. 0—1 ,_/rj U- Jj*l y- Jij* jl J*a^ yj 0X$2 j\j Jji Aj iil>- J jk*LA j2 jj ^Lj 

-u-l^- l U -oU-JjJ jl . UjU: ^ UjI JJl, 2fZ ^y iJyiA t5jL;T ^1 y *S y\ 

■ - L ^' u .tP J ji j'*^ (5j^ c J jr*-vj)j jkl— y y»y*j-<>. <• (Jr*-* cS'+*l^ J 
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. kl—ita ^aj Tj jtj JjT y* j O jt <j L JuL 1 j ( T — T • ) ijj J>- ^lijl 

jjlj U y..,<a • (_jj j-i jT j j <5 c—«l ^Ujf (jL^J jS j\ <JLi»L>- ^L-l^ J j J->- yjl — <—aJl 

. **~---I eX6 «w-jI 


i%C- 


• J* 


^ oT JL- 1 


jL_< ji 


i 4 j EC^ ji JjL# _ 

I ^ajL> j] ^jjLj bk • 

» jl JLij ^ f ~~ ^ 

-1 ^Lj l)«^j j* N *4 


I Q JLw»j 



JJ~* HH v 


r 40 


^ «* - aJ Q ■■■* -^kj jJ JO j *j\y>- ^~*-; . JJa^I ij j jl ^jyS> O <—i 'O ^ Ia_j ju O j L* j j~ 

■ j. ^ vj j ^ j, ^ <J>U,. J~~*-! - L J ^ J ; ' y>- j* j o [S * L—s- “J J- i yij LOIJ JuLi J ^ yS ^ j t^P J ^ i ^Ss^x 

. c~Jb jl J-*U 

jjLfSV O .ijb j! Ja--* \j ]a+m jl* JJib L ^LgjTbJ- ±jy* <JjJj>- fbjl — 1 

c-JL-£ j)l>- ^ aL-_? ^?! IJU j c— il y+~A^* L cLfS'L>- j! jjJoJLt' WP j FC- jl_>- j* ill>- J^JUw* 

J **y, {y*y yj£ • -J-*-' IJ EC. -bb jl ^1 jJ Syl 

. lj ^ \j EC l . IgJ^ 

^ jjL+*S <* z* J ^JL>«—* ji l ^ I j juib j iib JjJ^r--* 

Jj JL*,J lj FC ^ jl^jj A*ib .ibj sJj i-l-i jS y J- 1 Lj f$ kj.la 1,4- b J wUbib jbj y 

, C—-*1 ^bb j j J *-JbaJ» ^1 j3 l^j C— -»l j N La j wjljjal y kjC*J C-*iaJL4 — j 

. ^1^5" lj tC^Jbb JuSb^bj ^I^jLj 


cjfjd QiXioAiffj) T— t * 

Ji 1 wil>t >» 1 j ^^jLJL-p Jbi3L>- -A—J^JLf olji 
. C-*^I ^jL*J^>"1—mm jl iil^- fiJUlS" ^j++ju 4J*)} *L>^u? JCJb^ 

i Jc^Li^ (Diffuse Double Layer) j^L^o aj^ Ij jlL^^bk^t <S t oV jS\ 

jA j3 . Jb^ ^ (Floculalion) j;l cJU- j eJ br^T ^ aJ.L^5 

^ ^isSU 1 i i ^yj£>£'j . 0—^1 jbjjj uLoJ^l—xw j! i3l^- C^W?J 

J i o ^ 6 (Dispersion) cJuS^Ijj jl i3l^ *b-^L»j ^■* 

. 4j ^y»\S' Aj <—4^1 * /7 a AjV <^1*4l^w»^g 

ilbs^- J^Jl>i^ jO l^5L<^ l!» hip « hJUf 

^IjbLS" <—4^*1 a Aj^i ««^ Jl_^<w vj^JaJi p 

^3L>- j oJL-i twA^Lja-* 4 jV c_5L<w cJ^Ip L 4_S" jl JL>- c jjJT 1-L-j 




Jb I a J-i jJU>- v^jI aS m *T* 

i Cii *bjL* i - b*-* L ^-—3 £\y _j\ Jbl ®»L-- 13L?*- ^j 1 kJi> a£ y*> IS" \ 

Nil y«JX->- 4j 4 3ji? i_$sj ^y j\ jZ*i* -J 4jHjli> ^ a J-J- ^ «^ J lp L yXa AjN 



r . r 


i.r ..y 1 -' *- -j— 'J - f-J hHT 




s-lSi 


’j 4 _K?- dlj-i J 


.? - Aj*^ -j»— 1 aJ—i 


>wA^? ] r <, f 


<< jj—l oib jliJ a 


Ij jl-LHa ^j| , Jjb o-l—i t—<-L?- ,JS Aj 4 JJ —— .i (ill?- oljJ lx— 4 j) o.i—l i_jj?- pj.V.— 

j—j oljj j}a>- JjI jlA?\ ill?- ji ESP a?- y& ja\ ^Ij . —ob jLiJ ESP a *>Li 


• -^' J -i_r 4 L r J .ljil 

jljj ) J* aJL»?- jl jl aS J^S -ll>«jl Ij ( jj*>bLjJa (.Sjjjl—b jiaj jl ill?- LuljJ JlS”I y 

olj J (_£j|jjlj j.3 JJ?- j*-® 4 ill?- ^A-JjjJL* iLolJlA i—uj.3J_}l Jj^ul • Ij jJJ 

■ iS jEJj- 5 ^l-El* oil?- -il>«jl j ill?- 
Jj-i ^aj -3l?»j| ^ypljj -kl>«J jl J-il JL?j.3 l j jl JL*S ill?- ESP J^l V j-*-*? 

' L ^ S^ J* L-lal P a^Jj J ■... .,i yy* 4 —*ij3 j-L- o«AJ*5T1 j 3 ESP l ^ L J L — AI— aS j^l? jl^A 
. JLijb JjJl?-.3 y *I Jjjl j -1 (jl ^ -jlS - i—i i»L>vl jl J—i ill?- £jj oj jl_P . Ju yy* j-u 
jEL ill?- i_~J jj jJLi oJLSljj ESP j ill?- (J^1?«? ij. bl p E (V~ l *) 


jj—.1 ESP > 15% a£ ^L l^S'l?- jl j - 5 L.—1 J—b *q • lj.... — 1 »>Li a jIj 

, El c, iJl>- ^y> dy*"* _^l AS" ..^ jJ . J°*^* E . ~ a Ljul ijJ-E aJJ^I y jEl 

(Jl?- jh Aj . J J ^yt jJkU? l^l ^^2 jLlSl y >1 J ^v-« ojb ^J, J ., a> y .* lj ill?" (J ^I?«u> 

(_^Lj^-»u > J ■ Irt 1 C- ^ J -1 l ill?J oljJ jJLi oJuS^i y Jij j! ESP (_jl y JU?jJ \ 6 ^d?-Li 

j c— I e-Li ^Jlj J^J (lOmeq.L 1 EEC^.- 1 .Ominhos.cm 1 ) JuilJ jEj ill?-J^U^a 

}jy-» t^jEu' Ij -ill-9*" J '—<1 t_ jA~ oLaJj-^a? J Jj^ji j^> j' (_JjL-»-a jl Aj e jjj_al 

SE-j* • LJ—<>l c-i^. a.*! jiE* - jr^ ill?- jl-Ei» <■ l y , j j> «j jE<- ■ - > jr^ { j A o j I ajj-1 

jjui oJL^I y (Jl.'>■?-1 -Lib j-J,.i>u jl y*J JL?j-5 A^ ^^l?J t J-iL ESP = 10% ill?- £y ji jJ 
1 ^- *^1 -— ^laJ 2jy-A ji A-S Jl (_jl_?- Aj LJ —d 1 0-1—i A —,£>y ^J-Jj J^jI Aj . iL—•il j .". j. ,j jl Lll jJ 
j \ j ^^1 <_sL$SV (^Ij-j t -U?ji l • (JM'El ^l^u <. i y~* A^y jlS^ A_) Jl—? jj l j Jl?- 


• 0,5 y “V -E*’j - 5 ^ * (_r^ <_£(_^l^ 


dullp r-f-1 * 


j Jj^l JLila 4 5 ji—i Al?-l—» ji jl J J?l———U a 5" ^y>«JL ya,a j -llj? jJ Lj^-au jl J, 

<j\J. (jr^l?- s—’1-L.faJ C—I Sjy* jrf' J-> • -Ej-i (^ E-Pi j jJI 4 j^j 



■~r« J-" 


^,..—15 - j) y Mgf y ^Lfila]J— , i^JjS j]au ji Lfj! 0-iajL>»^ 

iS ‘ ~ - -m i ^jl^j^L> il » .. .Z.— J- *u C .-.. ••■i -k-i u ij yj ~S\ . ..k— 

0 ^ " I Lf Ij f y 1 kjZ — J- g ■ I. k_»* Ij O^LjJ JE » yZ^—A ilL>- - .Jj y ■ *> ^y a f 

ajLiJ^_i 4j \ . 3 j. —- 4. g jLj p-S1^J Ij J-j Lgjl 0_y~J J aJLjl u 

. J—lL jj ^^ * * ' jl iil>- Y . \ tjl ni^P SO^ jljuLa aS sy** ^y 


J^U 


/ 


-ir-* ty.U-j 


cZ-^U 


%_y ij'^j 

*-°j" fjji* 


(Z-^U r-^ 


JJ cJiii- 


i_r"J ijLfcjZ ^Z -J ESP * dli jJaii L *JaJj jJ kiJl> dljj j-lieJuS”!^ (V —N » ) JSLi 


y» y\ . Jj J ^y yj**i j k Hj S y> yA>- 4j t k_Z jJ $ yy y* yl jJ y ^ J* 

JLiL y*£ k«jl pH 4 ^-jX . ijJjljj LjJbU*- <1Z iJJj J jJ 

ejtj (JZ 1 ^ ^J jl JlSS L>-1 O-Xli k_jl jJ CO-, Syyj . JjL ^ ^j\ji\ k_-4 ^ Jjjy*~ 

<£ J_-Hj ,■> ^ * Jjl^j y> j\Xj>- <1Z 0- 3 j j J jj~* (jil jJ • ij* LT-i^Z*^ I J ot jj->- J 

. ^ y*~ ®- 3 Li~«l jl JjLi jI>- ]oj\ »jj 


jjZ j^juj aaj? r -1 • 

j 1 ^rr ^ 5 ^ 1 ai' ^ J ^ ■*—‘ -^E>- (t-U j- 3 




T • T- 






J ^ ^ 

L Jsji c 

Lj (;fi jl) > A yJ Jlff» i 


!• 1_>- ijC J I jit- «_■ 


L ( Hulomorphic! lj L^J’L^ oj jS ^ . J_jL. j! ^jb j ^'b ** 1 ^ 

-j jj~~“ i Jj . s^jS i HaioM)ls i 

A* ^jjl j$ J.— i Lj lj jl jlj^J lAj-« J JO ( _^«jb 

^fc—* ^yJ> Al 4 _? JULa jl f~& Aj JO ^L-L^. jib- jU ji^| 4 > i Jj a 

. o/ iJb- c—I jj-i_> ^U- *S A i_-J ilU- jl lj j! 

a-sl. 4 — , .< ii <L£jyo( li'yff i &l£*jLcijT> j\ j ^lybL?- ^Juj a a.\> IS** J. a jjj -^ 1 

ESP j (^ j - o . — il ^jjL «-,4 A_j Je> jj ,>> jlj^C- “j) EE jL~a_a j Jl > ..n ji . Js^j—t 

. (Y-\ * Ol j-Ljp e-llS"! jJ Aj Js | j^>-l--* jlA j) 


I ^jj Ojj-j3 Aj (^l^SU- pH S' 
pH < 8.0 jyit ■>J J** - 

(v^l*-il pH ~ 8,0 jj*** Jjy* j-s — 

pH — 8.0-10 _ 

I cJui ota 0L-*J YJ* 4jJj»*j nu 111 jl 4-i^ / (J J* 


I kj) U* Jpjj/** b ^ s ** l *i J \jyjj JJ** 1 kS i£^*4 ^ ^ * ) lJj.A>- 


EC > 4nimhos.cn 1 .’ ! 

EC < 4mmhos.cm’ 1 

L 1 


J.- 


ESP < 15% 


J 


.‘A 1 

j> 


ESP > 15% 

^J 




-E ^jLi: Jl 5 Lj 5 Ij^ L C—-I y>u» Jaj jl jj-i ^ 

^LjjuI /jjl. JjL-j ( j<fl>«- J L - * jy jjhlii ylij jl lj j^ <S wL-io (_JjL^- Aj jlj-i-* A»S^ J^jl 

lSj jl ^-y_ ■ '^—1 ^IjJl i SjJ*-* ^ L^WAi ^J 

■ ' JL> Cr 1 ^ 

t *£-jya ejftl^j (_gL^Jl ^ j S oJ^LiL* j i3l?“ ^i n (_5 wUt 
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-■ ft—>- 4 ^J5 4 j 


\ ,tl . 1 ■ S' 1 

- } W Jl> jJ> ^ l>w 


• e ^ p J V.j^r- “j'ji' 2 l —^ 

i - ?j . | * 

^.~7 J ^ ^ *•** 1 — 4 - - 

. (Ca Ci 2 

- / W vu**-*) i iJL>- ^Jj-1 j ji c Li yj (_jl Ai-i j jjLji JL-> — g 

. jJ <Ou*i 

. ( Nil, Co ^j y\ j-* ^ <£jj oL-^ -LljU Aj'j/ 

. 1 —-* (ji^Sl^- jj —ft c Jl— p~ j jj~~* ^1 ^ oJ-Lftj jl ■* > ^ Ij .all 

j jA 0L“j <£~ r ...~ "N-* j a.i,,... ,•> - ^L>»jl j ilL>- 

J jj-t (^L-^La"- e _)iJ O' ; ■• & J.A > ~ jl j-L-i J jJ j-ajJ Jj-l—i ^ysLjLll J -la l _ ,ll 

• C ~“' 

J J^lS” -Ui j |» J-C- y_ ejNU -UjJj ^a j j_j-£ jjjlj.S'U- ji i£ 

4^1 4j ^ i - - ^LJ J eJLal jJ ^y! 4 j ^jj L»- * a a ,_*j 4j 4 .Pjy» j.5 

(Jj^r>»-a ^JLftLS" t»i~pL yf- Jyl 4P^y» eJlftLt-a IjjT y 4~ila- L i_^y 

■ (S^y 
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il\ff p ESP jfJ&c 

i sj ?^ 0 jlAil Jl aUa>U- jj^U^ . ijj ^y jL ?<> yE»»^ ^l§—ijj iJL*- ESP y-xJ jj 

L J c ..., ■< >, & (pjJ ii AiJl . O—“I .T »...-».,fe jj Jl aLvs’L?- ^iLo jl jJLJL*J i_,.,-7ly Aj 

j pH U jT Jl ESP /y—Aj -^jy* ^15 Jja<u ^LajlS" ^ly SAR 

. -lAi aI—O A; lj <yilj ESP Jl Ju'I y y Jiii j AX«il JLj Ij j\aj ij y (JUii EC 


JjJ OjltXjl 

V C—-I yj Ailif A*- ^1 y J»Li ESP ij jS sjljbl 
i«-jJ C (i3b^ r ^ \ ♦ * oJMl J ^1JL_ y—^y) Na ads + .JUI ( Y) 

Na 4 «jljul ^ j NH d b- -y 4j i3L>- (_<jLjjy>lS^ ^L*j j Na ^yj^jl>- 

<I.»~-<I ^-tyl aL fl j t _yjJo j jiaj jl ^b»-ly y> 1 ^L»j .ijl.Jt.il ~— a I . iyi ^y ^b»»jl iJls*-«jL*Apy 
p-*-£ Mg +1 j Ca +< yj&L*- Na ads jl-Li* t, *yT aj i3l_^ pi-jj ^1 $. : < —' ■ ji j 

ji> ji ^.1. (iju r ^r > • ‘ > o/yij jla y— y) cec ^^t.juky) 

j <jyil5yl yj^jbj- (_ r— “J 1 ^»-p «* Tbx i 0 yilS^*-& aJE-jj Aj ilU»- <jjp£l»~il 

. (pH = 7.0 ji ijlJLiLwnl) J j£ ^y y& iJl>- ttjLag’j ^ e JL«i ^yj^jl^-jl JlL* »jl Jjl 

^ Jul ^y ~ Aj yj jl ESP J la. • A«wk>»j« (T) 

ESP = (Na ads 7CEC) x 100% 


SARt 

yymJ »Ja-;lj iSjJ jl <il JJ IJ iJb^- ESP jl J - A_< 4 (^—il ojl ./l C-) SAR, y< E*ily 

1 A <i jl . j c. ji SAR jj^LLa . jjjT c —„i au c—»l i a^Ij jLU (T- \ * ) J5bi y a.S' 

j SAR ( . aj IvUjI jub 4 _jI SARj >-b j (iiL p»- i i^J\ = \ : \ j \ : Y /C j . . .) 



o 4^ ^ - y- J~aj 


j 1 LJ Lt j^j I L5 i ^ <>- y ‘C^j ,^y I aj jjT! . 
«jui JjJlJ J 1 6ji^->-l . jjji *j 'j HSP Ji 


Jj »-i o__ j\S aj (T- ^ * ) k_i! J* ji 




vy ^jy° 


wUl : : . ^ l HCO, j C0 : j (p£ jl-u -aj ji j) Mgj C'ii JjJU^« ^LgiUu j yrj ji 

■ f \ i5l>- JjJjn— • j> j 3 1$j^j 0^—i ,^>- j ^jtj ^ jj 1, j»a *■> 'iS^'ij 


J *“■ ^ J Vi ~ ■.■■■j) \ —■—’ SAR^ ^.~s. 4 ■ ■ -«■>,-» £^i— dJL-** 1 ' ^ iJSpLA -,^ J -* ^j| 

. Jbl oJJL j <cij5" ^iaj jj (T - ) * ) jJ 


(ILRI, 1963 ) PH 3 ECU ^Au^oA 

o J a i-g' ac»>jU^- ; JjL ^ j-j pH jUjLo HC t L i i^jIj ESP jj « uUf 

■iiO*- C->1 jj ^Ja-wj aj a.x~« H c (HC I jjI) .uS^ I j i I j_il jJLy J ji 

. -LIS' ^y l-A-j <JpH j aJj. ^jji\jL'^ ^jL 9"y jJjL^j j*jLS 4!..«>_} Aj 

JJj ESP jj^VL . JbL^ ^JLjI jjI _v2 pH jijCL. HSP ^l^ji L i c-jli ECjj-y 

. 33 ^ ^y ^3 Jj-X-A Aj y%3~o aS' kj..,. *j 1 «i3E*- <J j3 Nil j\jJaa ^iljj y 

2Na + CO, + 2H 2 O ^ 2Na + 20H + PL CO, 

Na + + Hp p \f + Na' + OH L 

V '*y .jSs-j j JjU jL,)ys\ j ^2 EC OjL ^IjJI ESP a_>JL^ -5 

. MjT^ESP^I 

. 3ytk J ^ . M .* Jj jbjAJ O j_^vAJ Aj Ij aJ-/?L*“ <jl JJ ^OJj3 \jljji A ^ m 

l; Ij ESP <S j y y !j oLSU) jjl O.^1 eJLi ej’o jLJLi (A— \ ' ) j3 aS" ^i aJou!j 
\:£i\:Y/AiM:\ ^IajJJU- c---J L ^L-il *jL^»pjj)EC '-j pH <Sji^ ojlxl ji 

• •>jj\ a!~~o aj (jj-i y> l y~*A jt *£ «-! -; ■—> L j 


| ♦ 


EC 5 3 EQk EC, * EC e Q*> 

»1 Ijjfc aJl>«j Aj jUj (SP) ^A- 2 il A^aai jj iiL>- j( iSj ^ 8 jC,ap 



>Sjj~' ^ j V 


J 3jb J J-L>- j3 -3' jl t—'i ^LS ejl-ijl Aj i_j' Aj ■ijL*- jj'i/U j;l j ~ -'j' 

|L»J L*_j'ui* ji ^1 ^Uj . jri"^ 0^»1 ^ 0_; v«0 Aj < j i ' i -^ •ii'LS jl ' ■ -il Li *j l /•»£ . 

i c~**j a» ^j |_$LfrL - .. i jl aJL^Ij*- s jLap \ EC, jl-LL* iJL»- j_jjj 

(ilL>- , j!) ^ ^ ajL^ap t_ j_~~ ^jj£ o^I*Aj! , EC, jl_LLo 

(wi \ * * jj t-£Lb>- iil>- p ^ \ • • ) 

(ilU : *J) ^ • T o J L*» \*£ pjlJjl ! EC., jIjlL* 

Jl) ) . £) ojLva-P jj> 0wL^ yj£ ejl^ijl ! EC^ jl-ii* 

l 5 'y Jj ^ k <_j* - C * J j-* ^ a ~' j - 5 ^— 1 i_r^^ <s*iy J** j' EC x yy^ c/- 

J.ijl-Ajli-.il .3 eJ^j aL^ ^ U t-»-II jjl Jjiala Aj A^ EC. 

(EC X ) i»-jT A» iiL*- O. >„j jl a jl - A P- jj EC ol*JUx* jJ S?^o »,« . JjlJu 

• -3j-i (_}^*V EC , Aj Aajl jj jl eJ>UjL^I L EC, jlj• j J j_*i ^ ^a jl-ljl 

: jl xJjLp -Uiljj jj*! 



jTi>>ii«fifr #lj jf — uUf 

L . s e^ U - i ^l j (^gl-* A>ljj a- ^J j ,ljL>- (_g jj~Z oLaJIL* y j -~~y. i_yjj 

A^1»>oi (oL*JUia ^Ijujlji V 1> *jj*j jl ^.sI-Iaj i^$Jj ECj/EC^ C...... 1 EC x J EC c 

• u* Crz^ yj 3' EC e jlJi- J Zjj- j^xl EC X Jaii^Oju^U Ai_^Jji . 





J J> 




EC. = (EC/EC, t x EG 




V Jj ■ li — .■1' £Jj>—“ J eJ>U^ jl - - jrf' aJq.A l.< J a-ji >' 

^ uy“ (^- ' * ) j£-i jj ^ l 5^ <_r* p-fc jrr* °t—j l5jj^ j-r^ 

^ (>^ <jW. j—^ J* l'jj-* brf* • cr 4 ^.^~*'-^ EC ./EC, c~—I tjjj-^ J ^}>»' 
^j^aSj ejl yaf- jl EC., jljJL* i EC, *j O■ «-i . C..*l (_£->Lf- (jJ^*1 JJ-ib AJuil.5 jip-5" il-.~l^A>- 

■i3b>- (_Jjj^i A-? y-P ji . Jjjl i Jj_>-j J_»j k-2-. l bb*- b jt ji <S —Vjl CwJ Aj 

. kJJ.—1 OjIj \~jjij C. — . - «j jjl . A^ib ibj 0-J^L>- b j! hjj 



k-iEb a LsxC Ji ii)l> Jji>u« EC jj i IL* J-j iJaJj ww { ^ — \ * ) 


d U w bw of j jf JjJui — w 

^ yrj <lajlj (ft)iJl>- c~j^bj -U*oji j iJl>- JEC yj *S ^1 ^ji b 

! C..< y i}\y J»«ib AJL^!Ji 


EC, =e ^EC 

c x Sr * 


. .Sjjl O-<iJ A> Ij <— jl jJ* jl y y (SP)^ytl aIoai ji j •i—0 jJ b 

JU* 


EC, = 4mmhos.cm ’; 0 f = 100%\v; 0 sp = 40%w 





t' V 




liC. - < i 00/40) x 4 - ](»mmho.vt!n ' 

• ^ 'j jij Ji-V —-rsi>* «- 





J 0~my-A 

r> 

0 SP (w%) 


25-35 

35-50 

50-70 

1 . - 1 

EC. -> EC 

3-4 

2-3 

4 - : 


1 C 

EC, —> EC,. 

14-20 

10-14 

7-10 


4_S" j2 9 j EC o-lwi ^yj>^as>- 4 ~]oj\j <S 4j L 

C-3 ^ JbLi .X*. i |»L^^fc j.5 -L^iIj^aj *jlJC>- i,~,,..—3 Ljjl d-. 1 > \ j 

. Jbl p»L»T cl— i u jJj JjJLj L?. .ijjl *-> lj ^j*V 

EC/EC, = 3.5 V- 

EC/EC, = 2.6 jU j tiUd j j-* ^ - 

iJj_bv- jj <_S ^ * li Y *Li_jl Li <~»LL» jji <Js 
«J jjl ^ V Ij T £^jEi vi—xl 4j *■*■“*' 

: <_A*^ jii J J 

. JLll) ^L-il aIi a.i 4j i_5oJJj (__£ ejljbl O»o^i»j _ 

- Ij ^ " Lp" J_*—- — 

Ju>L wl—2 L$j 1 ^u>- l ~ 2- L * 11 4% '■ g >C. JUOj^ — 


^.A $ OjL*p 4^ , -L-iL‘^« o j 

J JUl^l . ^ J*5* <Oj ^~<W>XJ 


I*— j ♦ 


Jtflic j ,ywJ a j$ 


±zJ± 

Qjj 


TUT 

TV 


r 

\ \ 


T 

T » 

^..—15^ 


r >, r- 
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', T 

jo* 

\ 

rc 


) 

) 


r ur 

&9 

jr*' 

T 

YT 


(MjT 

U 

Ojl 

r 


jjj-i'l 

) 

r^ 


) 

rr 


T t T 

rr 

jjjdj-* 


(b—L) ^yalp jl (p^5* CfW 0 ^ ^ ^1 J-*j j\ C^jLp i —y Ij j^yalPjjj Oj'V Ij 

ylttJ jl . jl ti y o JJJ^ r / 

^JLa . (jl C~Jji» JJ ^ .. — Ai < _, * : S jJ jJJ 0 J ■I ^' C' t _ 5 AJ l (jJJ 0 C—il y\ji (jl jl-Li-* 

: jl c— I ojU CaCO, j jj cJ^I j J\ 

CO, LCa o-J> J-, r _jj Ca (40) + C (12) + 3 0 (3 x 16) = 100 L J<jjj 

. ijj Jla! y*- (* £ (_5^r“ * £ 6 * d-sb- 0 A? (xJilj T j J jA 0 jj 4f0 




wi\ff 


JJ-* 


aj ^Jji_«-fc» Lj jj*Ztjy£- cJU»- jl ilL>- *S Ow»1 0-^-ijji 

• ‘--•*--* , l ilLs^ ij ji O-lal f* ^IjjI jJJ-Ij jjl • ^ ^Jj.JL .> ^j f + uX ,.« 

JL«x — jy^t U iJl>- J 4_Xilj ^ijlJ_il Qw »I j_i i3U ESP JLjl jt ^j| U ijl»* jaA 

j-*j lj i <^L f '- 1 <■» — ILp" <1)-^«1 ^Ju« 4jJl . 

<rr£ j *-^ o^*i °—i (_#^ J Jj-i ^ JyJi 1-Ujl J-> ilL^- oj jLwfr <i . c»Jib jlaIjpj*- »l 

• £ l _y* <_J Juj <lL 1 j L jj-x 4j -Lib <jiJb*- <J l$ ^^*-’ 

L* 4-ijj 4 j«w< 4 ilU- ^>«ia-x AjV 4j ^JjLw* jl jJ J-> 

4-J «Jb*_P JLjl ji J.i <j <Jni! j ^1 jj . CJ JLaIj^>- jl jJ O-J-xj J j jA 4 $ j~£ ji OJj j jl ji 

. o ..x 1 a-Oi *>■ ,.u. ' . fT ^4 Ijlj j»Ljjl ^jjLl L> <» y* 


^JjbuT yl jj iJlp fojfUwJO QtXftj^d 1—11 

4-Sx*j (_jjlJuL« (_jljli j j*^ Juj-S ^ jljj •■ibuo«l ijy-* 4-S" 4—iS" 

c~-1 <Sy>? J> j' U- iw*U1jj L j ^ j~«b ( _y r *jjij £jb> jl t L^jT jj! . X 



\ 9 


-• J 4> 


U O <5 


jl ij5 jiuia 6 J^oj ijwo c^ L 3 *>- » oil*! ijli La . < La m ' j- 

ibjbbj '■^-r 4 '*' j 1 i_rr*Jjtj c5^h' J- 5, V’ (Jjj—' ■ -bb»j ^ J^-Jj-»- jJ ! j O' 

.Jjlj A>VLj <5 ^yji jl JbLa t-Sbl^- A_»_J J *_Sw_>- jjsl^a jj y£> y+Oji- Aj . >_T - ■ *■ 1 jb j yJ>- >J 
1 jj J cJ^jj ^ jL«%J y> yX> j^a .^ji^ba b A .— i l2_a jJ t S5 ji? ^a L_JjI AjJ_»j >l.pL J cjLi _a j ^jj 

j Ob_z—jL j J.^ a -t ji <--<1 c5jj-i j-^ L® AiU*o jj . c—al iLj ji»La j^l kX*j cJib- 

• k —“"I ( _ji^r*’ lSW^ 13 j' y-~ri *4 

jl -i-*J (^L*JJJ * ,_J^ iJL>- .1jlj »—aI b el^aA kj>s-aj (_gjl.ld a ^jLwil l!~i y jA jJ> 

• j' (3^ j j-f^v Ji.A’ j' j a -Lb LaaJjj '- r J -W JL>- Oj^Uj <. ^jLaT 

jl Jia j^1 . ( \ — ) ) J^b) $ jlJ^ ^a ^b- 4j Ia A-ijj Allo'-a jJ lj i jA>- yZ a 5" ijl Jb- 

ej-i e.Sj jil (jl jl.,)A..a jJ k_J y> ij-i ^Tjb- yZz~~Z yJjb jl C^.al eJ»»ii Jb>- ijlj A(jiA ^ 

jtX~-y Aj (_A«l_>- A 5" Aj A^^-b , JjbaJ ^^a !■) ,-J A-^ ^>a_JiX» Aj^ v^L«j j 

0.^101 ^c i3L>- jl >»^La-i ^jl>- »lj -LJjL^a i3j-,l jljUL-^ 

. JjL* ^ jL>- La A^ij J ty* I J (1)1 t ^ A a.fr i jAi L J oi ( J^ > " ^ j^ 1 J-i lj LjiCaJ A S Aj 

j La A.«Ljj A ila'.a Aj A_S" Jjj| (_}Lijl ji j.Ljijjl 

i J yZ ( jA JLjJaJb ^jj (>1 aVI>- ji ^5bu OJLJiijIj , jJ)L A. a i a’ .a ^jl jl (jj^l 

. ^jL-jIt—jl OiyjyZ — 

i -bL ^jA jJJ-Aa yy -Ljl yi> J-i j^> i3L>- j! W^*J O-l-i J7jL>- 

■ C^Lj Ji^T 1 1 J ^^ (_jl^A j v_jI — 

J AiJAJ Jj—jatj 1j sLj' jLjJ 'T iaA) A_S^ Aj) ^ jL-jl k—< 1 jljj^* C-jLiJ — 

. (jL-ib AiJal^U }y~J k^laJ ^ y— ' .. . - ,j 

“j J* j 1 k_ ~j abja Jajl yZ if'^' - 


(3^?^ (30^ QaLij^ti t- 1 1 

jl i—'T ■>• jl-i-ba j j*».b (l)L5Hal c JLib Vb ^y~jsj ^jj ■ J A? (_ji flL jl jji jJ 

yjji# jl «_A aS (1)T b J Ajj £ O ^--J3 jl ^ la -ja jl l o Lj jb«-j . 3jb ijA?- J ^ba ^1 

jl ymt (—aT Jb- jA ji . ^ ^jA jT^a-J buiT jl y~y* J •JLal Vb Jl>- Aj AJoj jbjb tSjjf 



r S’ 


s' 


iiU 


■ -r 2 * 



t 

^La. >ji: 


T7Z& 


- dli 




L,^ jj |»»*ji w«.< jjLijj-i (\ N N ) 


3 J ^ Ira«* * a l5sJL> ^isLw* j- 5 

lSjW J u^'j* ‘j^-ri c “ i ^ _/J ^ i j' [i >j-*rJ l 5 ^j ^Jj • - L - i ^ cjr* oij» Ji* j 1 

Jw3 T * 1 j T * (_£jLj1 j J& *Sj . 0-**<l oJ—i (J^^“ J- 5 i_j J ^-“~^ ^io—“ OJl»I "VL) 

l i_r* i_rr*jjii s 1 *pL j j 1 j* ^ iob *S ^\ 

i_jl ^Iri .» (jl J-l .Ijb J-* • s2~ilj jLJi 4j I J ( j>l,«,.—J ^ln.<i ij-bl 'V Ij 

(_5jLjT Jl—< \ & ^ * jl o—'! eiji T" * U T * y** j-i tA-j *S (^1 a a 1q~ .< ji L f~yjjij 

J h~M J.S 4 j l>- ji . O^j'l t J U x ij ^la—* ^T Ij \ Aj 

' pi ^ O-X^jyl Ji }y 


Jjjkuijl jk* y\)X> jA£ \ -1 - 1 1 

a .* iiLai- 4j ^jj tjJU* j\ (^j^L-jLS^) (_j1 *L£ J-* (_£jj_J h-*jj <> i—*A 

—l jc£ $ J->W> 4-S^ ^jl jl.L i -4 Jj JLilj iljj jl. ^ .. — J Jjljj ^4 i j * .S> f-L-Ajj! . ^jA 




y <£ '—— y>- L V-^ oJjl^i Nb <0 w»! L alj^A *i-5 jljLL. j 

Ja_p U HjS^ £^‘ a *" *-; *-$ IjJ i JjL^. jLLiil j—*j £J3 l^aj ojJl^ 

j$\ ^ y iZj ^ y^j ^Uj j\ . jjb £ju> o-^j ^L: j! ^k-* 

^ y ^ lS-^'S lSj^^ OIj y j'-*-** J j-& j'j-» c-*i j-^> jt y ^Ir—>1 

: ij\i e-U* J^U Jj <J J*l ■ *y J*\y>- ^Ui-f Jjii J^k jl iiU- jJLi jjJi 


t 


4 


i 



jlA^jj-* 4jJueJ 


J_^ cT*0-rtJ V* 




I jtL_ 


I ^ I * * ■» t yA I j J ^ "” ^ ^ 


H c jI j l a. * fjJ i wL-iL j ~ . 1 ; i i3L>- Jjj jL»b-j <^-y i iiL>- ^y (a) 

. (y~ ^ ^ J5ki) -Lilj H c jljli* lLjL O—iji j_jL^?l>-ji . i y .1*1 J>- ^jjkj 

Jj.A. 7 . ' .« NL Aj ^l...! ■—ll ^- k—; jl A_S” jl.l-A.-a ‘ ^jJU—aj jjj 1.^1 ji wSkj i*. k.l P (b) 

lj Jjjjl j-jUj . t_£L*J C.. k it- ji t«-» j—aLa»1- >■ jl vl _ ll Qjl . P iJ__J 






r * a 


'Lj! ,j ' r w _ jL U a j 


t- \ \ 4j) iJ-jl ^Lijl jlJ—i—d JjLi k_5C»j C^aJ-P ^ 

. <■ ^_j! \L» c.__ 3 jj 4-Sjj C-.lbU- S\ V I-*-"-* . (b A-j 


.J- 4 

■ I, 


ilU- ji Jjjb jl *S ijjjJ, jlui* xiL lOOOmg/L (EC < ] .5mmhos.cm" > 

. jla !S j L ...> jI>»jI 

JL.iL* Aii^”)^ 4»jiauj A* k— J l j _y s TJj>-b J JJJ jbj 41 !’’ j i jJ 

j 1 i^i —- 1 ^ ■ 5jjl lNr ‘ 1 —ur*-*-* ‘j^' L y b ( D t ) 

I., ^LjbUJj.i H (^ly j jJ ^y-1jL> jlil jl ■ -US’ Jj J jl Aj ,_yN j]s> k-SLL>- o jjJ ^5b 

■ J* j- 3 b ji j ji- 3 ^ 3jly (_y 

H l . = 50 -> 75cin (^ ^ U ^ jl) ^ ^U-. 

H t = 100-150cm fj] ^^ ^ 

H c = 150-2(X)crn ,_y>jJ c - i—^ 4 <_jLi ^ ^IgbbL _ 

H c = 100-150cm ^ja j l <. ^yi^j _ 


jyua i 


mm da 1 


-i , 



j»Lt jj) dJl> ^k*** Aj ; .wl ^k*« jl 4_>l Jj « .r> ^ ) J^“*i 

(Rijtema 1969 ) ■ (c—I ojjjL ^ f j-yj ^L-jj JjioMl> 



5$** fijle jl J*($£ T -T- 1 1 


jl tjtjb jl i3L>- jj-ijj &S a_*JL»- jl 

'■ *_?. (*E U jt j /^j^Ja— <* 


50 


100 


■JD 

4 

i 

3 ' 

^ 150 l- 

1 

• ”> 

2C0 

e 


-L 


J j ,-!■».* ii" j I ,_J |»j"^ ■*► 

j^L wj j> 


10 20 30 

( fnm hos l m~') ^rt^jyj ^ ^0 »■ '.. j-> EC 


c j ' - *JjiJ s “*I J^ j Lcw j I *li >0 tjri A^aj E ( ^ ^ ^ 


(E) y £,jf j** j*ili - *Jdf 

i!L>- j *c _?-j ^LaLS" l ~- 'jbj m ./> wLJ^Ij jtj-LJtf jJL>* jl 

.uL (_$! a^_ 5.ij.. « ■> / > jl j—_» a—>» ..-j jJ ■^-S^ j ja j -Ublj_?-I-L j (_j-bJL-i ^L£j* {SJj-y ^‘ ■" 

1^1 AX»jC- jlJUb __d)l>- j J L -J l jjI jJ a_S” C—llj jiaj ji -XjIj • 002T lJuo ^wljjl 

(jjUj Jl>- aj w-jI jl^ jlj-_* jl ^1 ji *S jlS - ^ Iju JJLL' jj (jl (Capillary conductivity) 

i^2L > - jl...i AjN lSsj j JLaI Aj >-l • £-Lj JUJLm klJjl—C' Aj . JCfT IJLj ^La(S^ 

JJljJ { j» jl jl aJT jl J La_« 0~«l jl (_jl *U-J j-» Ool-t-A j_^>- A? JJ ^ ^j-a i)l>- ji 






rx \ 


jr 4 «_*“■! Lr* A J^jjiJ 


01 j~« O' j- a5 o—- ' J 1 . *'-' Xj-L-x ^y*w]a^ J^n^j jl 

Jl*xU ^^-x ^j^*-4 ^jAb^x OJb» ij-A-xj^-x yjjl Ojl>- . O—<> Ja-x^O b pS 

O-P j~* L jJUi jj-x pjJ O-jU- ji *S jl JL>- ^ 0 4 ^ 3' ijj 

^y>jLx Aj"if *Jj1 Aj I - *~* ji 4 S (_j! o-Ox Ox »» > - 4jV . JCS” ^4 IjO 4-abl w_J-Lx jl j- 

. jjb (mulch) 


j ftLf j*?ti — w 

jljj ^>»_J <lj 0-*«J 4_fT iJL>- jl (^1 4 jV J—xL ^aL-^ ^j L -x jj jJU ^^--4J ^i ^ .x j£\ 

o~*L>w» t $y>rj '-~ J jj+0 A (Jj ( j-* ^ ) 0 Jj-X>-) -AaI^*- i)jU .i^-^ 

(_<jIa 4-1jj la— x^ v_4 P A>»jll>- . JLxU ^4 Ia 4..«w j la-x^lx ^ <-P JiL*x ^Jj1-i-»- ^->i-J 4 j"V 


4_S" £-j—P j-X Aj 4«j»-^j L . OaIjA 

OjJj <5 __p <^0*3 j\b 


s. 


J? . 


jV OxL>»..vO -OxL O-x v-Svj eL_? 


-i ^]a>- -—■••‘I e-A-i o-)b <j1—“J (£ — \ ) ) jj^w* ji 
■ A 4 ^” J ^'-! i_r^^i 



! nc 

^ t^b-xl jtLx 


l‘x*-J) A3 j^xj 


7^ 

;/. '/// 


^ i 

c 

He 


t_ ! 

jLx njax 

\ _ ' U - 


Jjpj Ij 3auljJ* ji “ - i l ^^ ^ ^ ) J^-*x 


l»^°)>Q k r’^ j*& - £ 

^Jki— oil v^-pL; i (jl <Sjjj ? 4 ^ eT^*3yj e^A-x jl v_xl JLijI 

; ^ 1 *CO S 4 I. X 4 4 xl—^ jI^j-X Ju\j A— xbl ■.. j ^lixx O-Xloil j c~!I ‘ ‘"'■■j' 




tyy 


H Ip- ^ i 




AiVjl j 
(Jl>- i 


«'L-*y Jiy-* j- 1 k - j| 

> ji L ^-O JjiJ ’■—'^ . wjpo <OjLJ»-i CJjLJJ 

cSj 1 ^ 1 j' ■) ,*dj **y' oyi-j . jl ±j *^ ' * * ** ~~y~^ ^ -? u'jL i—>1 *iljL# ^j &» 

i^Ti'J"*' 'j j-*~-JJ—i jJo-»* J «-*—i ^i-L—jl £-la— OJL*I VL OoL 4j»-^ jf jljL »—>Tjjjj' 

j- 5 'r'f 'j-u A-i L ^ j-i o-J— ^-Jb jb -LftJ ^ 

>*-j L AjJ-kj Aj «--.-) ^—jjjj '"’I « /jjl^ jLj • ■ > j^* - ) _5 / * £jL>- iJL>- Lj ~*-^ > -- 

liL>- j-Lijj-i *jj£ Jji ^1 ji) *£ j-5 • jL-^J 

■3^-— \J* fjjj-**' —“J ^*^ a ~** J'—A—' J-Lj'jJ Jj-— ijl jl ^jVLi A^ ^_iL—j j.i J 

. (P-U J5w) 

ji L* j' o' ij-ij iSijb j' aO—' jr*-o i^yj ji j o' AjjjJ t (JjL—T L ^JjjL ^j 

jl-— <m ^r J ‘jjij '—^ aj jJJ *j^>u Jl ^j/LjJUu (V- ^ O (J^w ^ j —if Ojj—» jl j_>m.* jjJal— 

I "* . *J 1 A.i.t 


j}\ff g J^OJJm r-1 i 

olji aj «Jui .—j-Jl5 j! ^ a $ o—l (_yto (SodiJlcalion) iil>- joi ^^jl— 

* u* (_ 7 *d^J*^ -lji>- ji SAR jjj' a»oL ijj . ijNa Ja— Aj i3L=>— 

jl—L i «jl— |»j- L . ■ (jLjjj' iJJLa. ^—» l ill-?- j-L—j^-— jcjIjj 

HCO," j CO, J-.ljj jjl j.i . j ^Akj -La I j*_j>- I,.Uj ^jJLw oJ !->■ jjL_>“ 

(^ ^ cj 3 " ^ 'J Ca L 'jij • - 1 j'- 5 

ij«i— ‘w — ^'Li L iJU- jj Na a S o' JU- JbL«j w-j _y~*j J 6 ^J"i 

■ U* $ 

(_jLjj^j jl J—3jJ o— l iJl^- J^JL>—ji i^SL*j o Ja.I p i ^»jjt— i^^S^U^j-5 

(j-L— AO—— jl ^ji—O (jjL-^Lj-- J—»j«— . J-A J ^.J.j. — lj O'! j j Aj e Jl— c—> JL>- 

£jL>- iJL>- Jl j a . l > — . — J ji>«— (^L^5La-i j 1 a_S^ •5^-— ^ j_— - j j_— (^Li^Ol 

. -oU ti iJl>- o'ji Aj « JLi i_jJl>- j*j Jl— ^Jj J j— ^ 





{■ anfi*’ r 



J ; w 1 O ■— ^>- J- 




^jU)T mm p Ulu> 0 jfj^ f- 1 1 

£\r- i ^ ur^ 8 V. *i lSjM ^'j 1 jJ cSc-cj j>L 4—— l>»_a jj *-£ {_$! 3La_x> 


I.C , + R.C+G.C. =PC + AS 


0-U) 


. jl HljLc- d- — 1 ajl— A jlAj y*J A— \ L <S" J yA ji ^jj! frl J 

. 3 yjt ^A La 4djj * &'n\ * -ij!j ^ j_£jt*j1 '—•I jljliLo - 1 

■ n^ La 4 -Ajj *& u^-^jLj —jT jlJLi* * R 

. -iL a a .I jj A.ijtj e ^y! jl JJL* - Ci 

. .1 y— £jL>- La 4. to j 4.d ll .a jl ^i»P J^*Aj Oj^— 5 4j 4^" ^yl - P 

i —*1 j j^fjijjLj 4 4 _j i..., .J^j 4 j g (. r l i ^^Le-) 4—>1 ji cS—j * * \^\c. - C 

• JrfjjtJ 

. La 4_JLj j 4jilalojj ilt>- JjJL>««* jj kjG»j jlJLi* (^1 aL5^ L y~*j - AS 

^Xj«JLk-^ 4_4 _a j! 4^d- —A ol— oOj j-~p 4j uly>I jP_jGjR_j I Li* 

C Jj» 1 j . d—i (mnVseason)J—ij J—ai Jji> ^ L (mm/month)eU jj y^L aW* 

«. -i jA ( _ y L>- ^ . : a: .-4 4ja*l j^jkL EC j C 45 ^U- jl cl—! (m)gm.L' 1 L yd 

^jy ji -Li*) j^* ®- J _^ jLS' 4j ^_i (m)mhos.cm y» ,^iiL— y yA ja-!j jl (_jL>- 4* 

y~& 4j L C->—'y—j -i3L>- jJ 4^ ^jSv-aJ j!ii* jl 4jjl^* ji . 4 (^L^5L*J 

d—! eJLi ^ioj wjj—® i —'Ja- sLJS* la ‘Ay 4j cl — I 45^ j_£ jlli* U J ^jA llLs^- i j!j 

. d—1 j_>-U j! ■ ■■ ■ Ljj! jj^Li* 'jij 

~ •* •* 

( L — \ L ) 4JjL_»c* c JL—L j y^j d—«jlj jl jji p-* j|JU>- 4 S c j ell—s ji 4 j 4 -^ry y 

, (Y— L ^ 4j^U«-*) Sy^ 4— y y oil— O jy^ 9 ^4 

^J>*jy£l I dyl-L-A . j y+j cj yfi c)l j! c)l_jJ ^ j y y C r j!jL ji (k—il! 

^Ja-! y* JitA . cl—1 jl A ^yJL— y y'J* < _ # 1— * / • 6 Lj * / * Y Jj Ja- ji (1)1 jt) —<1 

■ J^-*j y* cJ^ 8 * /^ ^ ^ j! jt; —<i EC LaLjJ 

C =C 4*,/ jl y ^a JL— ill* J- 5 J 9~M yJA J yle 4j (—J 

. JL— L* 1 _y* AS = 0 1—L* cJ-SLwJ dJL>- J-> Jl>- J>*J O^LjJ 



J jzS j 


- C-'-K ( 




: UJ 

I. C = (P - G).C, , = LR. C j 

1 P PI / w \ * 

EEC. =(P-G).EC=LR EC " ’ w 

i • P pJ 


G aj c.-._i PiljU L (Leaching Requirement) j4ia»x jl ojL p LR J ,vl 

A j i ]al > ijlj k—>1 la ^ jj O i^v*j jIJGLa jJ* JL-lU ^Lj ejl Jijl Aj LR ■ J—iL 

jljlJLa jl r (J yi Ajjl_AA jl . 22 ji->~ (jl jl tj Ja~»JJ Aj j-t-f (jL»^> ^La A_J Lj j 

■ C—aj I j J-LJ ij —1 


LR = (EC/EC p ).l (r-> \) 

^jTjtiUt jl OjLp *j^- (jl j 2 (jjjLI jl uij*?' t-* 1 ^ (_#* ^J LR jjl^jLj 

I j EC/EC p CwJ . tVUu jljJjj A*hi n ^ p (_) Jau 0 jljJ tf ip& lA AiJj jt ir i*i£ j>-ij 2>&e Aj &A> *S mI 

. JLjj? (EC/EC p x 100%) yLi_Ji Jwsjj l J.1:^ c~-J 



£*£ (J^b^ J j -I (j^*< ^ 


jyS- U A-ijJ A tlx*. A jl A S J lJjLjT <—~\ l^olj-» Aj EC p J EC, Jj> jjl ji 

t C—ijJ jj j OjA j jl y ^ Ij jt)Lj aEIjca (A - \ *' ) ^jSwi Aj <>■ y L . J-iL XS ^ 

I = (E -R) + (P -G) <T-U> 

ob oLU I t Ova*^p 0 j fiijj (3 jWTa« wcfjj )LJ L jL 2 j~~+2 jl cj jLp (E —R) jIj-aa 


rrv 


S' J- ^ 




• i_r “*“*y ,ri ji j ^ Jy° *V 3j* “-bl** • ■> r* ^ 

i=L.+ Lk (6-W) 

j! i b—L (jLJ ->jr* l$j — *■**■—“ <; ‘-^■* f, ljj jLi) eS jL-jT<j i3L>- ^piaJLi- jLi I <5 

• -iJcj* o —j aj jjj (T — ^ \) j (T- \ \) ji i_^b j 


LR = 


EC 


EC „ ~ EC 


(f’-U) 


0\y ^J* La4-Lj Aiia— ji EC p 1— w-'Uol jl.j E C^La ^joib LLU 

. <o*b*4 1j LR 


jl*i JJC A>mlwfi 1 — T — \ 1 

L j U 4-b j ji j 4-P~U jl iJU- ^ jS A> yj> J l)e> jl ij'j^ Jj Jt> Aj jl y 1 j EC p jl Ji* 

EC p Si y^A . JjjT o —j aj l$-ib cj iS\ L j~»jj±j of tjL* ji (_$jb^j aJ^ Jj^]o jl 
. Jj— jS j]a j ji Ob >,'.4 jLL-j jl Li La 4-Jb j 4.*ija'.,« jj JbleLb* 4b y .. ^ ^LblJL^- 

* £ A>-jj jtj Aj -bO aJojI j jj 

l3l>- ji O . la ic- j »Xib^ j* 1-i— jLib! jjLfcf-l 4j j -~ - — ■ . * jjl jJ i^oj j^*- (wM) 

e^l^j i_r^ a ^— * ^L^ia ji i »bbl-A— ^jLl j-*l y*-*’ 0 ( 5 — ' ) ) J^jUi/* 

EC^) JuiLi jo? jj & * Li T j (J^ ya ^LaLS" jl 4 j 4b j y~“ (_^* j^ lS EC e 

EC t La j yj Jj jZ 14b 0-1 ji JM.I JJj . (\ ^ J jj^ jl EC e 50% U 25% 
<*— y *4La< Jb ji ilL>- j^1>»4 o-Ijla ja— j jJ. 43^ jj EC e 50% L 25% 

±)L>- ^,-p -ia-^ 4 jM ji La4_2Ljj j : .1 .,>) i jj jLa! jji- EC. 10% lj EC 0% j j_L>- jj La4-2L»j 
. (juIL^ EC c 0%^1 jiyi. _i JJj-uiJU- J^.EC t jljj ^JC-iL,^ 

LjjT jii\-jL* j Jjij b3L_>- Oj j^j Aj *“'! 'bCj lSj-^ «< a a«aA< J V— I i j_ii op^-j (w) 

/- OjLp 4 j . o—l J—lj (FC) i j&\jj o.-i ~^b>- Oo^jJp j 4 b j^L j jj 

■ jl jl>* j' £L>-^ err - J tbJ^I jl eri jjj —* 

J O—l (FC) ^\j j O-Jji» Jji^ >-bjky -i ^ Jj ijbi Ja-.jO» ^^lb jj^tt At 



ijjz£ ; Jrto- 


t j - J— 


.1 EC 


y}y. s* 


EC 






EC o-.! ..sh jLL 




E(' 


FC 


— —1 ji :>jl? ^ L* cjj ajV jl i t . t- iyu ojj-v^ aj a_? ^1 (g) 

^1 j I - la.a |JJ . ijj£j -ilL>- aijj (J^ j! a 5 < J • -A Jl«-1« L^5 v*j jiii j! ^>1 j ~-) yy* 

EC JL-iL ■ j. a* ^ , c^ 2^1—>” C^tjJ jl . — i ^gla>i lj 1 ^>1^.* J ji A_S” 

iil»- ^glj.Tttt-i aJL j! a5 o-J ^1 EC jl jS t_Jl j» <i jj If ^ Ljjlf-i j jjJ jl a£ ^1 jj 

EC ijSS^ iiU J-Jj jj jl aS tgl^ 11! Jj If ^ 
jtj aJaalj jl p_i j jlS" 4 j (P — ^ ) aJjsU-* jJ *S EC p j I JL a. 4 . s *2 oIj jLLi EC 

• *■=—* ^ 

EC = EEC,. +(]-!) EC, 

‘ jt jj *S 

lSJJt* <JU*S J jj* j' ** ^ Cul-U-ECj 

(Leching effeciency factor) ^jJLA jEjJlj ^^.f 

$ J J*2d ^jA ji^J L^J jJ 4j Ec pj- 

. Jj-l ^,f~i,..»t oL»J-!lj aS jl j ^j>L« j- jl^Lf cSl^i EC p ~ 2EC,25%- 

. jLil VL y.:....i jLuJlj aS ^kl^l j r jli* jULf ^ EC = 2EC 50%_ 


/I : Jli. 


EC. = 1.2mmhos.cm 

l 

EC p = 12.0mmhos.cnr 1 (= 2 x EC.50% JbH *jy> «Lf (^1^) 
I I = 6mm.day^ 1 


i ijj JLftlC jjE#- jll ^Jy* ^ j t - "* * " ** 1 jl-ti* ^ ^ ) aJjUw jl 


EC 


LR = 


-. I = 


EC _ - EC c 12.0-1.2 
P i 


. 6. 0 = 0. 7mm. day ] 


I = I + LR = 6.0 + 0.7 = 6.7mm.day' 



V- Y o 


JjW y l j- ^ J-m 


il^o = < h( I H ). 100% 

- , p • 

= (LR/I). ! 00 c 7c = (0.7/6.7). 100'# = m 


J *y a$ jW *-$ ^y} j* jj ^ Jj ji J|JL« jjjl ^jLj 

. -Aa!^j_>- J^j&y ^Svaj (jjljj J-S" $yji) (jL^pl Aj j AS~j\^i La aJAjj 4—>-lj j\ eJL^ ejlj 

^LS" i5L>- jl <Sj-^J v -^» j J-iL^j yt£\y <_y "AaLJLrf <S jio aj 

^aj^s* 5yA> Ay ^ji_ & Aj j aI_,»JL? La aJLjj ^r* 1 j.*^»Q jl »i i_->l jl J^aji \ * Ijb« <5" ‘ * ■ - ' 

t IaJ j AjT^ jL~l Aj oUL' y'jfr ^jLJ ^L^ijj ^iS”l iji pjj J 

• ^0^°^ J^ - i>J <Sy^ — “<S\y 


j^Lil jjLax. ji I uL* lC p , ( m mhos c rn 1 ) 

n I 2 



JJLu qUj ^AmU« T-f- 1 1 

Oj ^Xtj\j a^S ^La bjj^ jJ> i La aJAjj <Mjj*y A aJa.B ji O^Lj (jg\y 

^j^JbjLi 4_J ^xll J-* • 3y«-J ol< t.O (?- \ \ ) aJ^Licb jl ^ .2 T— « J yio Aj U\y 5 jj£ ^j*j 






ET — 1655mm 

. sL^ 4j'jL~a J 

R = 695mru 

. 4JVU ,/jOjL 

LR, = 140mm 

■ 4j JL» jX 4 S jijJL* 

LR. — $ 4JuL 

. ,1 j.^jA L» 4-1jj AaVi'.t jl (_5 jLjI 4jNL*< jT jljLi* 

G = 0mm 

• crr*3jij ^ a -‘ J 1 l$' ^ 

EC = 1,75mmhos.cm 1 

• <S i £jj~* 

EC, = 3.5mmhos.crn _l 

j! 4 S d)l>- ^L«i! «jl ■f tc ‘ 


. JuL jJJUl T0 iJ j .,a->w» jIjlL. 

EC p = 7.0mmhos.cnf 1 (EC p = 2 x EC c - 25%) i jjf ^ i!l>- aH j\ *S (Jjj *i 


w>L w hi Lh ^ 

(R c = R - LR r ) = 555mm :>*-i ^ ij^a^ aL^ ia>-4 j *S jl-OL. 

(I c = ET -R ) = il00mm ^jU aj •\J jU 

Ix EC, = (I. + LR,) x EC, = (1100 + LR,)x 1.75 jjLi;i >> JUi jjLijjlj 

= 1925 + 1.75 LRj^Ij 

LR x ECp = (LRj + LR r ) x EC p = (LR, + 140) x 7 j yu Ji\ ji j >- 

— 7 LR. + 980 Jl»-I j 

1925 + 1.75 LR, = 7 LR + 980 =» LR ; = 180mm 



• It*' *1 I 

y-- - *-*- j •; j~at 


1 = 1+ LR 1 = [ i 00 + i S«J 
— 1280mm 

L% = x 100% = 14% 
1280 


r jy -‘jy <_p j'-OL* 

»Xy5 


• d -■—*1 j-"* - y~i}jr^ ^ *^-v ? ji J—“L j aS" (^jj' y3 

■ '■—Ab*' jjA jJ 

I x EC, = LR l x EC b(l 100 + LRjx l.75 = LRx7 


I = I t + LR i = 1100 + 367 = 1467 
367 


1467 


x 100% = 25% 


• J y c— oa» LR r = 367mm Atabc* jl 


i b 2 y> «Xal^>- yjy j 


t5jUjT p clu f*-f-1 1 

. A> j~J (^1 A 4 la ' , p j J ijl^J I j jjl b <J^b* 




£jl>- ^Sb^j 

AaIaIa Aj 


A4,1a,'.,< jl sJU^ 


— k_S2«j 

• ^ jij Aj t/i'Jj^ ^ ^JJJ ^^*2 jI-La« 

(»~j 1 jby*-) * oJaiiO x (jUj) 

eU jS Ojji Aj Ij o b» j 1>3J C—<1 ,jCj (JL> <J^b J J »4b*j dolaip j <-i^l»jl 

b jl j-j-» i. lJai U1p ^isu jj> b j o 

jl JlUjLjJ- A_£ ^_j—i ^ «0 Jt j\S Ai (_jIa-L>-1 j j jlal* jjil (_jl_^J . jS 

. tibJcJaip^jl j» mmhos.cm” 1 bppm b gr.L" 1 j^T jb^*-^- 5 cSlji mm.day -1 b m\sec -1 

jL....O ^01 jl b Ajlj Alla ".* a* aS* yyj jij *—A jb^>- jIjlL. <Sj-£ »jbbi 
j^bj ( \ * — \ N) ^y** IaJZ^I (jl jIjLa. t j..*_>u A> Jali Jbb J jy* J CmiI 





rrv 


, --£j -O-ii ^jji J.J . C ■ mU 1 C«*-i O^'o OL»Li (_£jbli '—~>XJ ,'--aj *S\J jJ> kJX-ttJ ^ I “ii 

aJoju i»£j j. 1 Ljj' ij ^U3 j ^ a)Uo »j <kS o—* 1 ^jLjI +*j\ O' j z jb - *>-j *J>0o 

• j' *- — *' '—■ 1 yy r 0 •/ > j ^1 p . ijjS y y^j >P “ 


XQ,X<V VQ jX c, = AS 

. J Ij ^j^-1 <ij a ^J^>\j\ jlj~» 0^ y> Jj ,jjl Ij 



v-d 


jjU cj- « u ^ i ;* kiL ji kite ol>^' ^ ^ 


^5jLjT u>T mmuS* &— 1 1 

j ^--OO 3 t5jj jl j'y ^ U OX-i^ykjJ-x \jjj^X )\ oljia^- 

y^ ^1$, JbUj' ^U*jl OjOj 1JJ . i yn yy ol y ^yry ^y j y^^y 

iil?l ^Jy^y <S ^y A*** y • OjL-ij uj J-A* A) ^jLj! y \j (jl -OLj 

• ■ S ' S a >-y Ait—* a— a Jut; yj 4—>T y-£ y^Jji y OjJ^- jio* 

• i£jy* A i ^y.j* J 5 ' 1 —•- 

. ol^ dwO J.*» +•*.* <i ]p Jij* ~ 

yjj 0L-* j' <-S O— 1 JjlOO- 4 yl+J,jj yl y^S lJXj 4-aJo j ^yjy y 

.>Jyj\y «olii-l > jy ^JL, ”FAO” AiJp j USO r I j j iJU ^ ^ o^,L.jT» 


^jl ^1 4—'I —t.$kjl 

v l EC U ^ jjL y>*j Aj ill>- EC Ai" 4 


i5j|£Aj b$iyt J3L* 1 - A-1 1 

•'y. OljJ^ ij lSjj —i j' ^0 ^1—jjLj 
-1 JJj Ol-o ^,1 j jb (EC i mmhos.cm” 1 ) 



r r i' 


[3 = 2.0-2.5 
P = E5 
P= 1.0 

y ^ jL^>- -o l$jT 


I. i.'-.'S lj <dajlj ^jijLawa 




0-1 

EC < 0.250minhos.cnV 1 

i 

Jaw O 

C-2 

EC, = 0.250-0.750mmhos.cm ; 


C-3 

EC, -- 0.750-2.250mmhos.cin 1 


C-4 

EC > 2.250mmhos.cm 


!^JCj 4 A» ] t> j\ 0 EC, c£j A^f 0~wl Ajl jl I j ^y'J _) I'AO ijLa 

JL *& O -* 1 Jjjl jJ ri FAO jj _0 . ( ^ ~ ^ \ J j J—>-) Owl o-i_i AJLJ plaJ jJ 3 J-* 
FAO *■> w! (_>Xj ,J-»15" £\y~* • (EC c ~ 1.5 EC ,) jwU J~*t> ji \ & sj. l>- j.~. . 1 

. Ow I cJ—i Ajljl \ — \ \ (JjJL^- J-i 

f^kXw Ai t> jAjA) i^ImA T — 6— 1 1 

J2 ^y*L .~*\y « <1 ]& yy> ^JjCw ( ^ ^ ^ (J J-^-) -i —■* ejlwl *^—J a5” jjb ijl^A 

: J y i y“ ,a rr' 1 ~ 

4 <S Ow2 o.**! JaI>- 4*- 1 ^jI • (EC) i_^jLj1 w>T ^x£Jl oj1.xa (a) 

ijj—* aJC-Sl yj J cy iJl>- (J jJ_P"W JjJ Ly <1)J i-S^ >2- pC JLwIj \j j‘ ■ - ajI-Cil jl ^JL-j ' 
^*C-1 OwiI w>l Lj jLj ^_gjC-jl "jj 1 yi aj^Lp . C w b Jjfcl jji- lj i!L>- 

. JbLaj i S^+S w>ljJ y A_i C. j>- J! J AT ..n.y lj ( Mgj C& j_gl^^«j) 

. o*jl ,* »»1 ~>»j tA-i a 5" Cwil ^jIjco (jjljlj $j>- y*t j^-14_»<1 Li (_gjLjl ajJI 


O' s'^'' y' .y •—* ' J> “ - i*-* 1 ' jU . Y-jU* 


lc = i J i ix; 

[• * i 


~“'^y -^r : J* lEC',;^Jiwi 


•i Aj ^Sv..^j (j j^Jio AS 
J- 5 


-Ut> ) C ij ^ t. 

.X X • lj ^ & » 

Tii'u T • 

j ^iLwIjj lj i3l_>- j_gjj_Jl el^JLiLaj 

: j! xJjLp <5 c—I ej 


_1 -Utfji ^jly 
X- -W> ji 






lSj>- V _r-- *i - fjVr 


■ oJ ^j* o- ~ .>o «j jjj Jj>j> j' o' *£ t ^jLd >—>( jj ,_. : 11.o ) 

Na + 


SAR = —, 

1 .+ + , U..+ -t 


Ca + Mg - 


0^*Vl» • 0-5meq.L 1 *>_■„.. ■> ■ y c. k .lp jlojLp Mg 4 4 j Ca j Na J 

Joo I j .liU*- ESP aS oO— 5 J SAR, <2—c-L> <^<T ji SAR, 


ilo JLfcl 


SAR i 


-> SAR 


^1—5 i A Va 4,i j} iiU-- J 


-»ESP(i3U) 



• * j ** tj* s~j *i (SARadj) ^ jUl ^-1 .jl5 SAR 


SAR ad j = — . = 

1 V( Ca +M S + + 

pH c = (pKj - pK' c ) + p(Ca + + 


=[1 +(8.4 - pH )] 
) / 2 

+ Mg + + ) + p(Alk) 








rrc 




~ r*-A 


^ <— -L>^> L ^ — ^ \ ) ij J Jl»- <j jj Li pH. 


pH^ a w L>trf O"^ ^ ^ ) ) t3ja> 

[pH c = (pK' 2 - pK' c ) + p(Ca + + + Mg + + ) + p(Alk)J 


c.LLp 

(meq.L H ) 

pK; - pK', 

p(Ca 4 + Mg +4 ) 

p(Alk) 

0.05 

2.0 

4.6 

4.3 

0.10 

2.0 

4.3 

4.0 

0.15 

2.0 

4.1 

3.8 

0.20 

2.0 

4.0 

3.7 

0.25 

2.0 

3.9 

3.6 

0.30 

2.0 

3.8 

3.5 

0.40 

2.0 

3.7 

3.4 

0.50 

2.1 

3.6 

3.3 

0.75 

2.1 

3.4 

3.1 

1.00 

2.1 

3.3 

3.0 

1.25 

2.1 

3.2 

2.9 

1.50 

2.1 

3.1 

2.8 

2.00 

2.2 

3.0 

2.7 

2.5 

2.2 

2.9 

2.6 

3.0 

2.2 

2.8 

2.5 

4.0 

2.2 

2.7 

2.4 

5.0 

2.2 

2.6 

2.3 

6.0 

2.2 

2.5 

2.2 

8.0 

2.3 

2.4 

2.1 

10.0 

2.3 

2.3 

2.0 

12.5 

2.3 

2.2 

1.9 

15.0 

2.3 

2.1 

1.8 

20.0 

2.4 

2.0 

1.7 

30.0 

2.4 

1.8 

1.5 

50.0 

2.5 

1.6 

1.3 

80.0 

2.5 

1.4 

1.1 


<Sj_i jl j (ji tJ S , 1 i _ r l^* Ca + Mg + Na cJilp jl (pK 2 -pK c ) 

( i - * — Jjl (J £I ,_^L* A Lfj^^l i-.l i l*- ^^>w»^l < 5 ^l» . aj ^ c ».-»i <j (T — ^ \) Jja^- 

. ((__>• c.w jl j>->) a>l^ T /T jjljj (pK 2 - pK c ) jl-U* 
, Jill o jl ja^lj Ca + Mgc-tiP^>v»^jjjl p(Ca + + + Mg ++ ) 


T/4 y\y p(Ca + Mg) jtaJL* (Jjl j jS) a_4L_^--i j» cJ'iilj ( 

■ <m 0* C.-—O Q^1^) 

f jL*>- 0>a— j' j (j j c-^lj ^1 C0- 4 + HCO ? i:.J*U £_#-**«-* jl p( Aik) 

• aJ^c— 


• *^y jt-j * -ObpH^, j»\j* <** (j*\ 




•J .r-5 jy*-“ 'V “ j - 


r^c 


• ~jj ] - V ' 5AR „i,> 

sli* c— 

1 

1 J—^b- js_ : »iJ A d rS *L*- 

2 

«—<*! . |J 

3 

Ca" + Mg + T + Na f 

6.2 

38.5 

38.0 

CV *+ Mg' 1 

4.8 

6.5 

26.5 

hco; + co,"' 

2.9 

4.5 

3.2 

pk ', - pk ^ 

2.2 

2.45 

2.45 

p(Ca’ 1 + Mg* + ) 

2.6 

2.5 

1.9 

p(Alk) 

2.5 

2.35 

2.5 

P H , 

7.3 

7.3 

6.85 

1 + (8.4- pH) 

2,1 

2.1 

2.55 

(SAR,. 

0.9 

17.8 

3.2 

SAR, [ 1 + (8.4 - pH Jj 

1.9 

37.4 

8.2 


cJj_^ jl jJ-aJ i)L>- jj oT jl aIvoU*- ESP j SAR. ^ aLJj 

t (l^ji ^ * Ij 0 Jj-ij-) (jjj. 1:— * ji . (j j—i aj»j>-I 3*- ^ * jb j *,i <;) 

^jl—jl jl ^j JaAp ^jI^j Y/6 L* Y (^L—il ajl A = ) ^4 ,«..H j oJL>- jJ iJl_>- 

t JLi lEj>ij Sb* a5 o . J LjA 

SAR e = ^Jl. 0 l: 2. 5. SAR . L - SAR e = 1 - 5 SAR , 

fjjj jl O.y y <jj~* 4 ^lj 2r'*^' 5 ^ ^j - 1- ~A ^Ia-LajJ j-i *■ 

ESP jUA. (r- ^ * ) jb^J Jjj ji ^ T - J SAR e jiJLi. (SARj ^jU J\ Jj ^JL- ^j^r 

4 L^J^I w—<T jj ^^1 ; (Jli> (_jl y . ^y*~ j^ii Ij —ib- 

Na - ' = 30, Ca + + = 6 j Mg + + = 2 meq.L”' 
iiU ^yb-A = 15-20% 

. JLAL^y* p = 1.5 jIjJu jJbA jl^ jj aj a>-jj L 




TTV 


^ y’ j- 


‘ -1*- 6 - jq 


* Al ^ ■**-**^ aj »x., jj —Jl>- ESP jl a j a (\ *) jE ^ -o-1 ^ *j ji 

J P = 1 jl-*-i—< ( 'if U Aj A—A>jJ> ^ ^ jO i-lL>- j_£ « -- ~ - - *- J'VLj ./I ;J> ^C 1 

0"-' ' ) jb^ J SAR, Jlib L U- J, . :. ^ , , . o'y y I j iiL>: ESP >JJ o-l SAR = SAR, 

• J y u i_r^ <_rti 

ESP j SAR *-UjIj i ji Mg ji Ca Jjip^> 4 «, ..i j C»‘. ^ y *.j aj 

^jLj! ^j.1 (HCO, + CO, ) j£\ . jloV u jj 4-5” o~d jljl yi-L?u 

. JjUj j iil>- ji oLjjS’ Oj w» aj Mg j Ca <5 Jui jiaI y- sE-e-L .Lil; jjj 

a_^l_j JLa*—* y*Mj Mg j C.a j\ ^jjjlaJEa jl^L» j^ S ^^ 

aS^d- 5 ■* j*$ i^Jji j? rijd' ol . X>s_£ y 

. j\ < I..«1 C->jLf- jl j a_>b *u t|^Aw wjUjjJ” o^U^jJU, aS" -Sjj jlS" aj 

RSC - (IfCO," + CO, -- ) - (Ca H + Mg + f ) 

■5-i j£ y ■—a . — %j meq.L y - 3 jj c~jV I j ^S”! ^ i.....< j t jl *1 j—►! ^L»j aJ> aEL*—» ^jI 

. ^ t_y ,l> jljj* e ^L a * —“ ■ Jj aaJp jj 
RSC < 1,25mcq.L . JlaI^>«j aJ j£ w*^ ij y^* 

RSC = 1.25-2.250rneq.L~’ . a*Ij^- ji^ul ^^5 cS^&JL* w>l 

RSC 2.50mcq.L . j*fcl jL>«jI w>S^^2Co w->1 y^* 

ji»j ji j., ' ■•- ‘ Ojjkstf aj SAR. jj ji U ^LjjLj f' AO AiJo ,^a.>.,.... ji 

^ jj . o-J o Jl 2 $ j\ j SAR ( ad j 4j SAR ^-SC^jI j\ ^jl j c — ~d «j_J< azj 
*} JJ jl S AR 1 jijli* [£jy \ ilL>- sI^JLjL* j! AiJp 

, y> ^Ljjl RSC jl aJI^IAp- Aj LjJLj^S' I y£j> OI^1 J 

J) t yj j Lji A*** [£jyt\ ^ jy*M A4« l? jl 

*Aw*l ^ jl ^li ^L^JLj S- I _ 

(^ \ ^ j*jA— jl ,_^lj S-2 _ 

o—«l ^Uj jl ^LjJljj S-S^S^- 

^jLiT ^5 jyZ A>- j)a . Jjb EC^ jJ 2y*~ jl aS JL iSy /j~Jv SAR ) lj ^jjl j y 

^*-j >y yi\ oLJI (^1 jt . i ♦* J-fcl y- y*& ^yjjS^j yi^S (_jl^ SAR, a>- y~~y 

jil «_Jl yi Aj^-y 4.$ si 11 6 J—i On^L) Ajy^j Aj Jjljlj iy~J ^ jiaj Aj I j- ' -Aj Ajj^ 



(C-1 M-iu ^ u l (Sjyi *S jj\y. Job ^ jj ! y\ ^ju- j', uir iU oi^k>- J^b 

lSj>' w'Ub- S \k = 8-10 )! c—J ojU S I ;J ^jJL- y^'- - i5 ~ 
. (\ \ — ) ) jJ^Li) J^b SAR = 2-4 y\ ,> S-! ^">(5 


>*Us kj+c* i jl i5^kj T-b-y ) 

j+p'cs’ jl <0 ^ty 1 ^ 2lb*- cl5LJtjl_ijT(_^-U j 4jL1s |V —. m jj 

*■ m 

*i • - *> ni J J EC, ji j—C,.--* —« . 0^2 o_UL< CJjJaJ Jj O^iJO- jjjp <0 

« V.1- « * i 1 0Ji~* SAR^ jJ) 

- jtj c ■■ ** ..« iif^S Jaj jz FAQ^^—m ji 

<jL>Lf .Jj_y» iai3 J JjJi ^jA <ob l jA^%ZZ o-Li ^>w2 SAR, y,jj jl : pj JL^ O-w _ 

. (. L - ■». -j I . * 0 2^3 _y-— I ■■■ '> - 

' *5^ LS* L?jW J j •*y^5 A O-la-U- yjj jl i jJ5 C-~w< _ 

• C~*3 ojL«I~2 J.Uj-P <^-Jl j^»<j jb j-b iil>w' <j -Lib jl? jiaj jl 
■iaii (1)1 jL^ . » J »-i—" -jfj L^jl >_jI _p iy>- yA y C. . la It- o JJ jl • _-> C,..,,^ ■ ■< _ 

. *i^xLi i jA (_jjl— ^5 ^jol...«.~>- jULf ejLjj 


: JU* 

HCCV = 5.2, CO,' =0.2, Ca ++ =3. __,ljl 

^-jT^1 v o . c~4 ^ ji cbVlj jJL* Mg" *= 1,6rneq.L 1 j 

RSC = (5.2 + 0.2) - (3.3 + 1.6) = O.Smeq.L" 

jl>*jl 1^4 ^jt\ *-j j »i <a a Ijj ^i..«il y. <f S yJ ji OwiNl_j ^^T a ^ ^ ^ j\ c?j-® jl-b ia o «j>- 

. j^S” Jjki 

. <«iw3 «JLi o^JaJ ji j-j (jjl FAO ,j^jj '—'1**-«—-if ^: —...^ jj 

t&Jp ij^JJ ^ jl lH>" • Jjj (_^ j\S (SARj adj) oJLl SAR «5^ y 

j\ j j^-2> lx 4 a,s -fi ^ eJL-i SAR (ISb^O ilL>- j;jj—i «lxJL;L*jl 

(RSC) _» oLijj—S^ oJiL« (_5-*^‘ j~~ 'Ij^ 3~ij^ _'T y I— 



*“r <\ 


_4' j- O-t-C v-i - Lai 


^C j^ J' *-> jy° ^ 4jL>- jj-Z oLxwL«j"l , 0 — 

j- .~' (*■*-*—> oHn'-j A=4 j’- • -^\r^ l.<° J S j* E-4 j C 3 •. C 2 i C ! <j jf 


c—-1 ,o pjJ— j! jjLjJuj- S-1 

*-—J .k_^u j 1 cS^LjJ" S-2 

c—I jLj jvj-A-x jl U S-3 

^—“I -sIjj jL*~j *^4— jl t jjLjJliJ_ S-4 

“t-S cSj<o ■ jJ-Swj (SARJ <^jL4 SAR i j (_• jj 5LS" .ij-L?- 

S-4jSAR; = 18-26 ;!jJU SAjiSAR^ IO-J8 jIjLL. S-2>>SAR j < 10 jloi. S-l jj 

. JLio YP jl r ~—~o ol jlAL* 

aJLi a jl.S jLLi 0 \ — \ \ ) jl J jL4 w»4 (SARj) J (EC ) ^ 

e_t— *4 j* -*■■ ■ ■ i«-jl u (^-Uj <JL\p (^1 j) \£j Jlp- el^JLjLajl J?— jj jlj ytu . Q..« 

JlS J&> jl Ij <S\ J-iL S AR i = 19 j ().3mmhos.ciri 1 <J\ <o y >j EC, £\ . o—I 

. 0—1 Jj jjai jl j Ja—^ i5j^ ^ j' Jr*i ^ £*'j C2-S3 


yT ^jiuS tide dj$o p ^IglUx 


0>h2 _Li c i—'T oUg^4 >- Jj j-» jJ JL>- <u lj <S" ^JUu 0 jp-j j cS^ 

<y j* (_r"j^ b v' ^ "Sjj^ J' 

^jLj! >1 4jjaj 


1 2 3 


EC^mmhos.cm ') 

0.51 

3.60 

3.21 

cJaip meq.L 1 : Ca^ + 

2.6 

2.5 

17.3 

Mg ++ 

2.2 

4.0 

9.2 

Na + 

1.4 

32.0 

11.5 

K’ 

0.1 

1.2 

0.6 

X cations 

6.3 

39.7 

38.6 









a 

1 .5 

25.H 

12.2 

so. 

i.6 

9.0 

23.1 

co, 

0.3 

0.0 

0.0 

HCO, 

2.0 

4.5 

3.2 

y y->\ ^y*y*A 2! cations 

6.0 

39.3 

38.5 

pH 

7.8 

7.7 

7.7 

y cJiU fnicq.L' 1 ) 

r 5 

r 5 

1.0 

eJLi A—aA?^ 4 I SAR 1 

0.9 

17.8 

3.2 

(0 J_L 1) '. SAR adj 

1 9 

37.4 

8.2 

Jjbl ymj iL>«jl ySOL- 4 JLiL p_A y yL. JL— 

-i J.^gAS" ^ ^■ 

: iJjyX Joj j 


lj T J Y 4j y*a <1 ~Jl . ij_)1 -IIaI y?~ Syyj Aj (^£.}ljj C-J^Li^A- 4 V J Y ^1* ijy+J ^ J ■>jS 
JU^ji yJ»j» L) JcjUJ \j EC = 6-7mmhos.cm 1 JLjly *S pjti 4 jl*Lf ^\ y o\y ^ 

. a yJ> j^a ( EC e ~ 2 x EC s j JUoji Y »lJ 


ji . a jS -Uhl j ,»»j aL>wl (SAR ] adj) ^jJL> JAu jl Y e )1 .».* aJ y*. 1 1 ,*_; a j]oj j\ 

j! (_y d ol t»al y>\ a_S" o -wd p J— . . c...«<1 aLj j L > SAR ] adj jlJLi* Y ejl o i t aJ ya^> 

£■ y jl ^ 1 3i^il <_ ij.a a . ^..*1a Jahl y>~ (Ji—ja Aj Ij 

a I yA t_» J _ •iO-A }jy-A /jjl ji . JZS yA al_^jl (_£ jj^dj O^L^w-t — » l JL-ilj i _yL_JjJLj yA > yA 

* *>1 a~ (> £iyU"-ja l —d iJT** ■ 4-iL yA ^ydjJl ^ jl 2Jl>- e-^5" 

. O-ila Jd*\y>*j a j^-j ilL>- olji ^XS\y^ y~*i 

o^Ss.l a a_£ ^jI 4j ^Xf’ L 01 y y-* lj '1 yi\ j o .wd 'j/lj SAR_ adj j -«j Yf <j y+j ja 

jj. 1 jlj alj <J\ y «-*j-ms- 4 j-2 ^jJ i3U->a jl>- . y Oj-A>y iL>«l 

. JbLfcj t y» jJJO-i-i JiLwS ^jIUijJLj^ 4 Oj yA fy*J ojlil — j 1 . C..*~d 

^ T... ,.u jL>wl L ill^- oJ^S il^ 4 jl cJ)U.~ .d L i_j| yj\ . ..fi 4 4_S^ O-^l pj'Y? <Jl>- j-fc ji 

. j-iL pi oLaL?' o. 15T j 

^j 0UI_f >> ^ Ojlo il 4j jaj ! Q .m o ,.«* jt 

A>1 ^$\ji J Cw^l J C-.ia.Lp T oyL>-i 4j 
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ykjls &a \jf ji Oj 


O--I J ^ 'j* J *jS °JJ-^ ^Z 

j* ^y-y. j- 5 O'-' j* Cr^j j- 5 V* cr 0 -'- 1 ^ J iZ-^ £_J-*J J>j 

«jlj a.i^_i j.i \ * * LjjjLsjt oLoJulj j) o . oXI-i jiaIj_>- i^3»-j JL- ^L^aI. 

ijj 1 j\ |*jjjI 'L- j - <j x^sji Ci * !j ^jLjjl oLUj j£\ . -U?^o i ^ju (_jl*_c- I <j jl j! 

Jbb jij ^ 1^. .15 0 J L ,»^i 4j X^Oj.1 Y Cj j (^l 4 —5 Oj L.< <1 „Ls ^ j.1 Y & jljuL* 

1.0-1.5 I.sec -1 .ha -1 jLSj* ji <_JU ji yaJ > /6 b ^ ^jLJ J j. l_» -u>Jh»- • o-ij-S' 

^oj^—jb J_ib(8-13mTTi.day~ 1 )b 

• ^ 


j>- 0.25-0.40 l.sec 1 .ha 1 (2-3.5mm.day ') 


*~S 


b/-' 


ji IjJ o~4 . i^Jl J< j OJU. olj jS U ^^JujIj S/ 


-Xj*- ji 


j~* jy. ji ^ 6 Jbb _y>»i3~« (_jL^2L5 oj »* ■»»«..* ^jjJu ■ iji-0 ij>-j jcS 5jA j jJ 

^Jji <j . XjX^ <u^if jJii jO ^jbjl v' £jb*- (^1^ -Lib ^IfJL? oj jl 

j'- 15 - 4 c r 4 '—^"* f* 0 ^ 

JjJdj »j ‘ t j^b ^j*** *£ Oi' J - 1 ■ cr 4 

• (_r* ti'-fcjl?*- 4 J c5j_^ 





1 i'i ■ , »'...<' I - 

-: y, Jy* L-y-i JJ ja ~ x v OJV-! 


;L_i'r O 


“— 1 y~ 4 J L> ^ 


aJLi j y! f. 1 a 5 V* ,y U.—jl la.. C-jL y aJ^A* «t£ —i—1 Li ■_£ +>«J 4j JjL JyJ> i j A 


j? Sj** ^ e J ■*- 


AjJJlj C. 




Aj a5 


J (_fi 


j! ; 1 _lLi j^lLi , ■ ^* e Lf 


-■j-^ -^y-* cr 4 ^ ^\ *s ^y-3 t5W*~-^" e j ^ J— 33 .p 

■ '“— c ' i_y l j^' Jy -5' j ^Lg-iSej -iajij-i 

■ 1 yj J^V J 4 '-'* Vy.-*-* -Li V J^U j.1 a£ ^1 aJ y' ylS'fj y ^-y ^yi> 

■ 3j^ j p^-y £y y^'- 

. (iil> ]i3.m Aj C. j_f—5" ej e j 4 jL — 

. ( H ) W.j J^P J ( t| ) ^-jJa y .5 J~3 7“ i y-“l-~* , l \S l-® <—'LiiliI — 

(I-,)' g ... ^ «j yj a_L.a*Lj t t >.<^»_!^b jl e^ L ajl —iI j ,yy4 lI^L-p^I^i Ij 

. July C— .JAj 


. t.~. ■ *1 ej_> jS i V ,i rt * ji Juj jjy^ ("W) yS^ °j (3^—& ji aS ^JL»!yp .i 

OoJjJu>^e 4_$sJu Jji^J ^yj-i^Aan^a S( yL— l^C-JL>* j^J^Ljo 6 j 4jL ^ y tjv^ 

C—C-l JJ jJ SlykA-0 a 5 O .. « <'! |i j--«La ^Jj J d3U>- ^JjjJl-A j ^^SL-iISvB iaj I ji Ij ^JL^sl 

• i j~‘ ^y e:i y \ 

^j~S B J 4j\j ^y -* ■ yl jJ iiU- jjl ^^ji*- y 

^1 AJLj y ia.«y 4j dil>- 0 J_i jyijiii jl e jji yj y ^y\■ o-ib Ij Jil-lfl- 

^LAjjj jJ S^ o » .b cJl^- JZ oUy» <—jl jl-* J y 4 * A_S^ ■ * - -“I *_»l 

• JU1 Jywa^.O--iliy-U J J^ls - ^Jai jl ^ Lo_L>wb (JjLJ jl JJ 

^o\j\y^l y~* <_j~ , ^”~" ^ ^ ^ * Ij ^ .L S b j 4 jL Jk*-* - Ij y L~—>-j' ^Irt .j jL« j Oi'j^ 

A^ii . A-llj jLmS (D c ) y 1 ^~j 1 ^Jfl-j -*-j^ j ' y*- fr JL>- y> ji . -US' yi lJLj 

^S \ ya—A jV yjl J-uU j- 5 1 yj- 4 3^ 4j^f »A> y 1 yi'j- 3 

jJjl-*^ »—JUa-« yjl Aj Ayy L . Jy— ^y OjJfiLiji D l ~ H l (C — \ \ ) J Aj AJJ-y LI j ojy 





rtfi! 


e j - jL* j 


W > H 


JllSL ^ *xj iil>- 


; 


c_- 


,Lp W 




W H l + 10-20cm . jjlj J jr 1 a? J^~ 

,j\ji jj 200cm lJ c~J j 100-150cm j.> Lg-JU* _ r LS'( Jjj-» 

. Jjj JLaIj>- j-* ^ ^ ^ ^ W jl_LLa • -^jJ ■ •“ ^LgS"l>- 

l $ZS oj <UU>li 4) ^lAjUu T -1 -1 T 

jL^JbL «^p j .lajl^-i i_£^ aS" ^^-jlgJ y*j^ jl lg—t 5sj aJUajL* a—«L»wo (_£ljj 

n»J j 3? . A Aj AS* J J ^ l f ^ 1 ^ 1 | — . 5 0 ^ ^ 0^^-A‘i» * I 0*-C^ 1 1 - ^ J} Aj 

lHa>- Aj . J^q314—’U-j j j\£ jJL* oJ l>- i_$L^3 j-* j* jl la a< A_S^ d—.« I LS” J 

. ~LiU jUl>-I cj j H I t ^ w I y ^ jl~0L» jj 


(H)^U*lt $fcUA JjAC 

oL 2U ,J..j a - < tjjb jJ lj ^l. l ^l ^la-v- ol j --~* ~ ‘ ^“yoS- >* 1- .. « ..* j j O — ^ Y >J^ 
c » ^ > - 0. o—*1 <_$jLj jji aj Jj> 

i 3JkU AJUj 5j*-~0 j}\ i5l^ *<jj ' Llw ' 1 ^ ‘r’* 

A S -i-iLi iJU^*-*' ejljj! Aj JjL ^y*S- (JL^ - J-5 • -L*iLi ^g» H . jl ^."<i5 - - ^-o-C- 

( ^ — ^ Y ) (Jj“^?" J-i ^l y*-*' • ■-Uib jLl>-1 jJ ^jSLS" (_gU<3> A_JLjj -l-ij 

. 0 >,««! a-Ui Al-i «j 

oJ AJUaLi aJ^Lic* jJ A S (h) ^yiU.-jl d-rf ^LLjl ( -LiL (\V) aj i^j*^ 

(> - U) JjJb.- jl H jlJLi. AS" h = W - H j! c-^l a^ A, Jl,L (j^XU oJU-) 

• 


J Aj 


(q) c^ 9 ^ 

Jjjl Aj jjjj 4_-»l j'>LJ aJ^U^i jl jlji ^ lJ 

R + S..+ S.-D„ 


q = 




jyj 

( jjj. j- mrn.ciLi) tj d 

(#jji jA ji j> ^jL-) mm.period 1 zyu jIjlL« R 

mm.period"' LgJliLS' jt jjij jIjlI* S c 

(ejji jA ji , 1 . _yLy>) inrn.period 1 i 3' 4dla. a 4j ijAl S 

(ojji y» j* mm.period" 1 4 Six. * j\ LS »~)? ( _ r iS’ »j D r 

(J.jj)days wd a 5 ejjj T 

sy* ^ {rM- o' j-s 





y j j y j-- 


LjI ■ j J H ,., |r ^b—« j! ;*Ja— j-»x J-* b> (' — ^ t ) J_>a» 


ojU tZ-i y ^L^5U- ojU jjj (jL^iLs- 

1.00m 1.20m 

1,00m ! .10m 

1.20m 1.60 


j ^4 

k^L>o y^A 
0 


lSJJ j' j'j 1 ef 4 'j l _#^'“ Ls - <_*b jW— i (R) ^ J^_Aj jl.bo-a 

<_al’->n>« iajl^ jLq_£- J jj4j jljliL* ( Y — ^ Y ) (J . J jjl yl-.O Aj "LR M jLj Jj yA ^ y L Z* > M i 

. Jjh<w ^1? jJ ^liji jl aS C—-I 6-Li ejb . o yU jjb *i lS-J^ 

JjLjI Jajl jit ji i^AJ jjilL* (T - ^ Y ) J jJy 


ji <Sj4^y 



jjj j J lSjU* 1 


V-WAJ 


^ ; la...i y 

y y*~ •-» 



jj 1 * 


Ju_>- jT jl <S Jjb l _^L»l_*_£- <u (S,) t^jLjl juts' <jJu j w-d S jl ^->1 j k-dj 

’ jl -UjjL.P’ 

JUIS djjj ilt>- — 

jl jj J J^y* ^y* j C^s> j^t - 

JUIS ji w->l ^ULij! _ 

ijJ* jjj *i alS i _jai I^IUIS jl <S^yl jljii* FAO jL-b-ijlS y <1 Lj 

j «JU* y (_jV^jU\S ^y — 









r-T A 


(j;'j — : yia^y 4_> t. ; -. f J l$->- 

w'lj-r j * 1 * b ' • ^b-^ ^LjJ'uis j:'^ 

jl j' — il j y^j> b J (S ) jjflj 2 jy 4 Ala ■ a 4j y^Ajjij — I (_£ijj j jb jb- j\ .LM a 

pi d Jt... I b J e jA^n .j5w»LdO J j JLA J ^jl... — 1 ^ f . i a .« > ■■ j {£*J jl jljJ lj ( ) 

• er"j' J ^y'j* J' 

ijji <C—b>»_« jl ,Je> j2 4S i^jLol bjj 2 jO b ijj jljJ y> I j T jl» j 

** V^V jrf^ J—b t _y»J C-jb ji ^Ju^li j2 y2 <S cj li B->~ ji JLjb oJl . CJ ^ 

*& iJijjb l-J-jJ j^i-JbbS" j ibj jl jl.bLd i_Jjbjl jl yi 

<S” (j\ bjj2 Jj]d ji ( j^Sej - •*-* y. J*-* 3 ^rf- 3 J*-* lSW---^ 0 ^jy* j- 3 1 1 

-L*» j2 ^ * * j2 J_ib J '■ ■ .. . ) b J^-A y* Y j * eJ (J-*-#' j^l . 0 — 1 JJ-A ijli ^ jljj 

ojji J,yg j2 V j jJ .1—b ( jZjI— Y * * jaJ- ^I Q..<li Jlibl y*- 4j»lil jb^?“ L^jjLjI y*i oJUoli 

b ji* ^1»L^ \ j * *J (j-a-C 1 <>*jb>- . JLaI e^» b> - sj ^bl 4—4 j J «C—li 2 y-j y2 

i • O— li JUbl y- pjl-b yi BJJ^ Jjl -JUtf ji j ' ji i»i* JLib 


ijb pj'-b *S (^1 bjj 2 J>y J ji> 

er^oj y** 

(erf- 3 BJJ2 JS" J~Aj2 - - 9-ji) 


50% 

W = 150cm 

75% 

W = 200cm 

100% 

W = 250cm 


^_j^i »yi jajl j-i c5'^^ c—<1 ^jlAi* jl ^jLjI j i jyj2 ^.i 

^jbUj* jl (_y~“^j jij jl-b>-* jl Joj >w* J~0 b FAO <yy/> y 4j Lj . i O ^ Jlaii ji 

c> cfi* ^ji iS jd- sLi ‘ ,>• jc®j j' L5*T7^ ^ J Jj- 1 ^ J jlj jjl-^* 

1 ' Jij £j-A ^ Cf* jfaj* 

q - 1,5rnm.day 1 . c—1 l$Jl 2 y6 <l~£-j-a *S ^\^{>- ij\y- 

q = 1.5-3.Omm.day 1 . c—-I y± I4II ^jjhyyi *S jjjbfrS’bi tj\y- 

. o—l j»-^b«- fj jjjbl^ JS | jl iS J— b J 

q = 3.0-4.0mni.day"' jl ^Jlb oUJb IflT y *S y, 2 \>- iajl^-1 _ 

• t ~-~ “ *'l k—'I b j o2y ibj jb—^ (_£ jb^l 



,L ;U 


J-" 


: JfcU> 


5 




* j- b 1J r ls 0 oW 1 ^ p^Lp- ^ 

• ^ SsApyj *-! ijr*J = %j> - 

• (jjVi) (j' -Cw jiJyr = lSjW^ (* JU -r-“ - 

— £-J> j ~ 

— <_£ jLI jj 1^*1 4jL<)U — 
• j~* i^r^ 1 = '“' J ja j-® j-5 <_£ jLj! i~<l jIjJL* — 

"JJ^ J- 5 (.^aj'j J 1 -^ - 

• J~* ^ “ 1_7*^ 6 j (>■* - 

.^IjjOULf-.L^. 


j jiil* ^ . J-iL ^jJ!jl ji iajl j «i 4$^ ^.jf T <^L»«lj1 Ij (T) ajj.S u5sj IJLjl ji 
«jL~wt jJ . i +J* I^y* *-*_S J^J J-i J—'J (_y* -jj>- J>- ^jaVla *a ^la—■ 4^ (_£jLjI { J-^aL* 

ajji jjl jJ J^-a j iadj-d . p—iS’ajji '-£-J j!j^ 4 j Ij <_5jLd jj jjj ^Y <UoU 

" ' *-' ” *^ jiJ N 

JJJ ^ j-> j^JL-aYY/G = V6 

j JJ >* Cf4* V ^ = ( Y — > Y JO 

JJJ J- 5 r* * A = (^j*) l5jW (jlfr^LS - jl iji _ 

J~? jjt'j Jzt J-^Ua _ 


il)L»j -L^>j.S V £ la Lt a JJ j ^ Y ajji J ji* ji I «i] il. .»! jj— (L* Y * * »J (jj^ - 

* /Vi OjI Y / Y (_£l>- 4 j q (jjl j> • ^jj -Uk! j>- ( j ^J 4-4j j Jjta pj^ o\tj*- 

(j-i • -^j- 1 j^ j jj j- 5 
q = 2.9mm.day^ 1 


H= 1.20m; h = W-H = 0.80m 



i >jy* 






T L * 


[tymS ®j )\yi*A ^^SJI V* — 1 — 1 

‘ "^ ° \jr^ (Y~~ ^ Y) b^’**** 

— * 

jj—j ^Ja .« jj <£ Ij ^jjl—?1 —>1 JbljO *£ O—I o.l~— jb <* ,»• —_ •■ — ^1 . 0—1 e-Li 

^>da— j - ^ej ,ja.<j^j 4j O^j'y J (_£jL—I w 1 ! .il j\-a . JuL*j Oj 1.XA ^jL>-4j .>^_— l-L^ 
Ojj->» ^ Lf-ii’«j jrf' l5^ • tj* <jr*j o <* — J *j j ^jjl £*^>r 

^jL^T Oiia-I J_^l» A^J>-U- jj-~P JjLi J J-*-* pS J J^-iV 

• J^Jj^ji j? jL) j^ 3' ^J ■ i ^- 1 ^ J l5JW 

j*Jai«U J ^ «»jUi? j i—j y> <_sUjjl_i tS^ji *-: ~ r* 

. Juilj Ju^ji • / Y & lJ ’ j Y 

. o£jjjl>»j jjli d)l ^■ ■ JL S ' Ijl>- jl jjli <j o^jlj »_jI oj _ 

-Ijj— Oj j! jJ £*^Ua—»l 4 j Ujjli j cJui ^L>wl ^jj— tjC j^l 

/j—j ^la— ji ^IJJU oJL*- Ij ji 4j £ j #-Li pb*»Jl J_^- 3 ” l? 15 ^" *{ 

. JL»l J>l^i»J $ j**-j «o 

<£ j_J tib'-* iJj c ~-‘'j *jljj! oj .* 

<S ^tAj^ ji . c.~«i1 ^jjjLJLS" j JjL«xj C-S”^ jl c-^Lo-. <Jl*_>- j! 

• ■>j-- ^ *-£J> jl-S "<i _ r.'~- j L ^ r *j jjj Lj ^S»j pS*- *..- * -bl*j j ^JLsa* 

oVlwi ^ jLjT c~>»J ( i J* ; * j jjj tj^S* j *-^d (V~ ^ jJ 

. #jLiL~-l <*_-5 j-a (►> J ojL~- ^ jl j»-* jjia^A ^jl (jljj - aj£ _J* 

oVvSLL^ <>«—j jj j jlij^ ijLfJLS' ej jIJlwJ Jt jl jJ C—-I y> O^J-« ^ • 

U jL^» \ • * IgjT wi .,«.~.j *S Ij j . ^ a^-LS - (JjL»T (jlfJULi' L i jj*-y. j' 

( _s4JlJl_S r jTji *S j~*jyj iJ ^Scj p~5-- U <>-jL uSC Oj <j ol^j^ o—l 
«—J V** ^ Y *j) • J J-*-> 6 j JLl J-— jl Y * * * Ij ^ * • 1 jJ—S Li 4j 

• {i y* 4j«H j* 

L *£ j)aj jl o—l eJ— ejb jUL) (^T—Y) (J^o- *$ j-~> «jI— (_gl^ —*> #j pjo..— 

*^ry J j-v 0 b (J-^bjj Oly ^ ^ ^— -«<i o-~J pS Oj^ <-ij—<» 

i^.i^ e j jl J J—L J—j j3 • y • ^ JbU 1 1 - ^ #j ^JilJL?- ^JO.— ^j1 jJ . 0—1 

. jul^j jjl>mj j^a T • ♦ l; Y6 • jl 
















































rcr 


•£ 6 J — /r-A j 


<t £ ^I o if c—-j oJui <o1ji w jLi (lo Y"— I Y ) ^5ji jj a 5 i_5j,_* .—*> o jif ji jl 

e-k-i s-t_-L5 JijLul tCljijo Aj _J ^w*j * _ t J\—a I jJ ^jl_>~ (Jj 1 j —■ S ej u' J<5 


. JLiL 




rj' 


4jjjjfair_i_.tr 

^ c—I jl» L» <J_^ Jos y^J* ^ y 1-4-25°j j-k V J- 5 

OjL *J y-> j J <5 j I ijlo- ^jL* 1 ^-j lo- Ij JbC«i ^Lfr-^JujIj jl 4. 1 oL>- tol JuIjXj 

jl ij—* ^4 Iji—i *j ji ^jLol jl eU^ ejji v-5sj jj aS \j ^jL-ujI ^! JL-iLj j.jU 

h max = W - J H min ^ ^ <^V ^ ' T ) J^-i <i **ry 1* . -bUJ j-jU- J^> 

jljj ^jjlylj . 4 ~^jL>«^ jl >-*j^ "^L) ^ 4^ — “"I ..y lc~jl ^inav 

. i jj\ C — ~o 4 j 1 j £] j e-^yw ~j*i i _y d S j-5 h = h mjs jl jJ aS" Ij L $J l 5 ej 4 L 0 U Jy*ji 

jlJLi. (\-U) JjO*- j(W = 2.0-2.5m) ^Y/AU T 

( 5 'ji ^ <Jy*j J - 5 ^jA 5 <_*■> <>-' J - 1 ( H m ,n - 1 -°- 1 - 2m ) y* V Y ^ ' jdl* H min 

Ij l^.JL 5 ~ ej a ! ^ g li a£ J-iL ^y -*ji j-S yly ^ /^ (j -4 ^ A ~~‘ J *^ > *- 4 

. JUfci^ C—-0 «j 

co-l—• d ijS ^ j j\ y° **jy e i *jy* j- 5 

lAjy&j$ ij\jJ Ij ^ji jg\ ^Jj . MfjL ij jjj ^ J- 1 <jL* )+* 6 J J**i ^y.y 

<-^jLo CJj j-o cA»la t (_Jjlol . Jl 2 JUfcljo- jLJ JL>- jl j_po I^jI C...9 Ji pj w jLS" 

. £ (_£jlol jjj »^nj jJ <£• jj^« ^1 *j jl J-3 JUi -Uhljji- e-LftLj^# J «X-i ^l^jl 

. ■>jj (_$jUji JJJ j ji C—<1 C — 'I j dj (jljl^ d (_JjUS1a \ • ' <frjy ijj 

*-r^ J* j * j jr'j -*—*>> ^ * jl J lyZ Y • jjj ^ 

^Ijj FAO jUjL- jLwU-ijl£ A~*p y <1 Uj . a ^y l>j j£ J "^ y*~* 'Jl j" 4 *i !■■#'• • * j 

• #^LaIo! T- ^ Y jjA>- jl jl_y l y Lfcj y^ £ J J ^jl jo / ^ -4- ~> »I 
jjj ^ J j ‘jl jl S~ - zi ^d y jrr 4 j j} I i j-i ^ 0 JjiL^» J J-Ls^ jyl ji a£ £ j jJ? <j 

I • jl jl Ji* jjj J^l ^ Ij (_y-5 -ijj J j-i li jy 

. -ij-i (J* “-jjjaj ji 0-i-5 C«^L>^a j|ji« Jcoji V • 



~ J s*-* V *J - (“jW 


m 


£,/k * j -< - »- > w 'jj jwa*- jjL* uS” wj-i ( r - \ Y ) j 

'-^ j- U-—^* j ju 


l} jbT 3 j j i_ij ji ^jA j -W» j(-Aaa 

Jjl_j <j! i_jl j a-A-1 

^ d,,, K n { C^ ^ 

50>J0O% 

Libc-^ ^ 

1 (X)% (= APjjA «j 

30- 50% 

90% 

20- 30 % 

85% 

10- 20% 

80% 

< 10% 

70% 


ole 1 isua^Ai jiiitmT oj T— 1 T 

J ^ I j jI j? ‘‘■"’^ jb«j J “0*- 

^L*.. a CJjb«P Aj Ij J Lg—J cl-jl Ipjyn** A_ff Jo y^ f ^ a ** < ' fl *1^- 

(jU> 4_i Ji jj 1-4jT £ jljj ; ijljj j£j\ . -AjUj J^-Uj ^-» ji jLij—jb 

. o—0 £'*>b^'Vl (_gjL»«^« U ^jAJja a>L_2 

jUw jl <dui?l>- *—j! . JA /«y ^b«j1 » J ft2‘ . • Ojj-u? A l j pjlJb* J^ 1 ^ V jb«j 

(_fjb3 (_^LjJUlS Jjl J JLiL AlJIib J ■Sj-a’ { _f* Ali«jj <_f ?m ^ a " M ‘ 4 J J>-b Aj 

. ijl ^ ij jj» bjj*L^ Ij 2 yX 

G^O e^i i-r -1 r 

4 -^ a ~ 4 1 ^djyjJ J -r fc >'J oU>_^ *J Jj' aUj cr^‘j t5W*^ 

. jyjt>*A Aa^j j jyjaz^** (^La # j&** . JJS^y ji L«yaJ - ! . .>jb 

jj>- L» (j-L-S* «j t -Lib <jj£ jljj jLIj i^>»j yi£\ w5s_) uJjj jiaj JjIjl A»*jb>- 

Aj'V 1 —i^ls aj 0^ j^~ jl j A lulls' jLJLj jl ^jl-Li* _U!^> *L^ 

j J ..rt,^ » jUb I j Lj-fcl>- aJ jl j^l Aj ynj ( Y — \ Y ) . JjU»j 

Aj'V Ji (_^J Ll_«ol ^la.A J cJ.jj Aj jj <»-j| i j&-> *£ -LAi ^jj_«j Ij ^! jl .1J Aj Jjl y 





Lai 


<'ac]uiianj) iju *u'i l jl l ^* '»— 1 —>1 3 ' SS'-^-* jJ . ij -~» J^-uS 

. >2 S r* ; b4JK c „k— 2 >! < jk -C—-i? 



jlS"sj ujUsyL, 3! ;Lii jjY) j£-i 


jfcwT 

( 0 ~ \ Y ^|Sw) .. X ! ^Lst oj Ajl—La ,>tjT jbJ oV ji ^.^aLS®; j^—^ J ^ 

-li —1 y *j w>l jl-bL« jl>- ,^2* JjiJ *—«’i ^bjj 4>- b <~> j* i ^f’~ K ' J* 4—!l 

Oalij ^1 fl. t . *T ej j +. T -. ^ .j L C»jI-L fci j OJ^ ^ 3^ J -* j l ~—-.1 i—■ At,I 

Ij ;f ) 1 1 ——JI ^l l >AJ ^ » A I <5 ijj,^ J^<| ti'y ,_r^ e j cSV 1 ^ ‘-*j^ j 1 • 

(jr-^ J l ~-~*~- ^ J ^ ;_£jb-i <-} 1 -XLj- 4 * t *J (j * & b 

XjL*) *A-ib 4 i—b *. — ■««»' l j£kj±* i ^Jj * JLtb f*i Xa- 1 j~' b$£jl^*jJ j2 

jjjS\j CaJj_j-m 9 ^1 ji X-ilJ Ol _p ir f-^ 6 j <S (jjl 4 _L 4 jJ> j\ j ^2 jjf L$\J j2 *S 

. ^ jt! j>- * ^JLS^ B j j - <w 3! ejLa X— I 4 j 

S/j-*-*-* J 1 — OJ J C~>- J AjL*j— (jjljKj^* <J A>-jJ b 

^y^ l a.Ai AjV ^-S” L J j+ -*a * S sj b CoUJ ^Jjl 5 cJ jL«3 -1 m* j»*-jC- b3 

tgljb < 5 ) JL3 1>LiJali b i 3 L^ 31 <uJ» 1 £jj j jl>>\j ^ollilS i 3 U 

c^ ' -a.. i ^1 ^L^JL 5 e^ jl j%^aI 4^j /! Jajl ^-m- ji I jj 3 ♦ J-iL o jl KD 




'yjb 2 4jj .5 j_-i 4.JLJ u^Sj- £ jL—j c j 1& j]d>- Ai-*^?Ls U^-tU 

c W j 1 ^ ^r“- e J ^y j} j- 5 *■£ ^—• ■ -’-j -^^y 

*j})} j 2 ^jjj ±>2 yaj jj jj i jS $y>- j b ^y>- 4-5 o—“ij *fr y * -^—•'b L y > 

KD j\j<Jl* ' ~ ■ ■ -1 JU-iL **-y y JjU ^jL..^ axjl jiai jl ytS b j L $ ft b>- 4_5 >1)' 

^Nb «oN j -Lib (100-200nf .day" 1 ) }jj y gy y* ^ * ' ^ ^ * * Jil-i>- ,y_yj <>y j-j 

oj ^ 1 ^ &b^* jl obk-*1 *jl yj *S ijl y KD jl*bL« jL-*b b - yA ^y^y*J 

. JLib > 500m 2 .day -1 jl y* jy -Ob t Sy±j 


-a^tr* <r~ ^ tx 4 y-* ^ ^> 



»b jA> yje jl aljl j 3 ^Ll-J ^k- ( 0 -) t) J5Li 


jif dj ^Lg&l? £^i? ^ -T— 1 f 


jJ«*LS" Jl ^>\ ^ y •, n yA ji -bb al>- jl aj L j&~ *\ b ^JL_S~ ej j_^Ia a jjy (jr^ 

J' £y*y* ^ ^ v*J J iSj^y j iSjj^jj^yj u& 

ijl lj J yi 1 jA 4j1j! 1^aI>- ji jbj>- oil—* i}yjf b»- ^1 ji . mI ^ji 

jt #ibc—*'l y~i ^$1 4_^bL< 4_lw/j Di*^i J lj ^k»» OjI ol y* j L^aL>- y*j 4jLsa?U 

i ^—j yy jlf JJU Jaj! jit jS abj- <dibc* . Jj! l J-^ <j ij~~> e J J ®^" 


H- cq = 


nr- c q 


2?rKD 


In 7— -0.5 

w 


O - > T) 


! jl -Ljjbf- (?— ^ T ) j (f- \ Y ) 4j A^- y b ijy* y (jfil 



rev 



(111 } eljj- O'!-»«-« O J r*- 1 J ^y ' ■ — I •—^>'^>-'\ l — i £-j-£j j i L jL H 

. .' D - 

k_i!> L> Tvia—- O jl j C — —;— <5 O-*_«l-0« c 

e K v 

• wLOL^ jS”!o> jIJl*—j y±s- Ajiiy* K s jij^j AjN 

. (m.dav 1 ) jL«w ji :>jlJ I <0^ jl OU^ OI3— q 

. {lTl)el>- rjij £"0<— r . 

ol »«-jl^ t “ 01 *q 1 *■ 4_ilv31 4 j bU»- *— 13 

. (in)o—l i>jui 

. K.( m .day ) jjO* o>j1jj& j D o-» 1>w> *u 0 y^~» Jlia! o«Jj1-* K.L) 

. 0—1 jiU jyk> 4j Jjj iljl ^La b jJU* -ljjJ ojl 






J jZS ■ <J ^LS ej . f- jif>- ^4; 


1 “ £A 


c = D/K = 394davs 

v v 

h v . - c.q = 0.43m 
h = D - h - B 
= 13 -0.43 - 3 
= 9.57m 

K = 8 m. dav 


■SjLi ^5' w-j' <j$j *^c- i jby>- ji jIj o- 

oUj- ji ^y w~jl — O. 

(?-\Y JSLi jjllwB =3in*1jl<o) 


jJiS\ SO 


- n 


D = 25 m 
2r = 0.4m 

h = H - h = 


KD - 200 m~ 2 d a v” 1 


jlLl jiii ji L eL»- jja> 


W 2 q 


In 


9. 57 = 


v 2 tiKDL r w 

r2( 0.0011 )r r 


0. 5 


2(200 ) L 0.2 


in --7 - 0. 5 


r = 670m 

c 

*l>- yj Q = rtr 2 . q = 1551 m 2 day - 1 = 181. s 


sec 


A = rcr 2 = 141 ha 


eS'-frf'O : A) 1 - 5 J- 1 oA*^' 

(i3L>- ^la~« ^yj TUT/0 ) ,_£«%#■ ejl-Ut 4 j JbU yUj * < &!* ' «■* jl l^il j 

jb IJJ o...«<I L ^m]a^n jl ya5 <—Ul y <> jyj ^I^j! «j *^ry U . *L£U 

. JJ-i ^ ^lw»j| l^JUjU jl ^yiU U->U!jJ Jj 1 js£L>m. 1» jUyl J «jljUl j^OJ jl ( yL 1 ol JUt£ 

. Owl «Jui 0^>»J A J-** ja yzj\s\y, 4jl ( _ f L*.l (J iS'«j Jo j>*S 








i-T*> 


<vlJyc 


Bocman.s, III 1979- Pxlended singular drainage: an interesting alternative lay-out 
for drainage of irrigated land . In: Proceedings of the International Drainage 
Workshop . Publication 25, International Institute for Land Reclamation and 
I m p r o vc in e n t, W a gc n i n ge n. 

FAO 1977: 'Irrigation canal lining'. Irrigation and Drainage Paper no 2 (new 
edition), Food and Agriculture Organisation of the United Nations, Rome 
FAO 1980: 'Drainage design factors’, Irrigation and Drainage Paper no 38, Food 
and Agriculture Organisation of the United Nations, Rome 
1CID 1978 'Drainage construction techniques for vcrtical/tubewell drainage', 
International Commission on Irrigation and Drainage, New Dehli 
ktssiiR, J ct ill 1974: ‘Field drainage criteria'. In: Drainage Principles and 
Applications , volume III, publication 16, International Institute for Land 
Reclamation and Improvement, Wugenmgen 
Na/ir Ahmad 1979: Tubewells , theory and practise, Monogtaph 4, Pakistan 
Academy of Science, Islamabad 

Ochs. WJ et al J980:‘Drainage requirements and systems’. In: Design and Operation 
of Farm Irrigation Systems, M E Jensen (ed), Monograph 3, American Society of 
Agricultural Engineers,St Joseph, Michigan 
Di Ridder, NA 1973: ‘Drainage by means of pumping from wells’. In: Drainage 
Principles and Applications , volume II, publication 16, International Institute Tor 
Land Reclamation and Improvement, Wageningen 






ta mSbjijA JjLdO j m ii 


jL»«jI lj JLl-. C..«I * a h' .* J>-l.} *J '■7^ 

(Seepage)jijfy lj Oil • J' jl^l ^J^j jl 

oLLorf' . tjtjf? ww* ^ jlJ c-»T ^ Jj J ^ tS 1 <.aU ■< j 

• J * *lal < j! i_j! £jU j *—jI ej t5jjl £*>- J* (J J 15 *3 

jl>L. — j^iL Jj'y * a Vi \ a jl jjji j** jJL S L$J».i C .^1 Jj J £r* ^ J-^ 

—jj-Ljfcjjj (_$If..*I jJ . C-~*<l o 2jS AtL>-l 1 j jl 4% ^>l-fc 4-jjl 4 j *—j! J>j J 

J?LJjl ji *£ >>i..«l ^-“l—*1 *^jL«I jil jl i *j £t-la~“ y-4 £> * * Jl Ci * t_jL*^4 iJ 

(jLfL>- elj j c-jT JjI_ y J J±*~» JjLw* J-*oJ • * j£ “Aj'-f *S[~* c~^-b-i L 

. ‘i* --^ 1 eJ-i i * -^ i Ijjl 

\Jbbji y*d ji ®3 1“ 1 

<Jj . (%1 >) ^^0 jdj ^ c5*rr^ ^yr j* 

JL^j^ (i IS Y jl OjJJ 4j 4^ jj£ . ^Lj 1 *>« *- i 0^ jUi- { y^‘ y* * ^At t S o j jj> 

^jLLmoI ln«^ ^ ^1* 0 • lj T • j£jJ>-+Jt jl l^jl aJL^U *S{£ y* tj $jy*j^) it y 



Ji'—' - 


m 


■iL c .-a jJ ^yCflj . (.I„.tlj 5 a j 4 jL ^LaijI jl (j'V Li * /j ^JLS" o j j,i 0—* -l a '““_> <UaJLi jJ 

. ' Z .— ' r> V* jl—^ Mil jlj^jj |JD L ji Ia v_——“ 


lA Aa> mam p u itj? &M 1 -1 - 1 T 

<5 ^ « JlaL-IL-* jj . c - »«l <Jm ojU jLJLi O ~~) Y 1 ) i \$^> jJ c» ■ *.J* j 

\_.W-5\-< ^»_C* Q (JiLnA yjj m<! jl jjjLJ-A" J A T -ilj A —j O—o Vlj jJ <0 «L*j >-5j 

£ j'^r* JjU <u*V J>-b jl o^J* -r* J* ->* jjJJ* 

i ^jJUT a j <J 0-t»i jlj« j jl ^ C-U ^i> <i c—I 

. j a ..I.. t.5~ (j<w“ j i—> jj j t -LiU aJ^J ]&>■ sJ*j U jLjj JlllS" Jj! jj <S 

. Jli»U (interceptor) JjU- ^JSej lj S'«j ^ ji' 

^ Ujj 1 j-* J»^ L ) *•=--' cSj'j- 4 *i urr"jjij V*' ^ 

■ 1 «^—jl jj ^ (jC-iU ijAi ^JjU j-P 


(_};!->- >j o—• j'VU ji Q, - KH, tg ct 

j^L*- ^ t j c~*i jjL jj jUyr Q 2 = KH 2 tg a 

JjU- jj jU^»- Q, — Q 2 = K(H, - Hj) tg a 


(\-\r) 

(Y-\r) 


(r-\r> 



V T c-u jU^. jjyjiU (>->r) jsLi 











Lai 


(H,> JULS j\ y (H|} jUb i*)1 Li ji jtjul ai'V ?Aij jl 

a>»jLu>- _Ld> .Xa' y>- OjLjJ Juts’ ta.» y Aj i_j! i *«.L > JLj^“ jl Ji V-a A>- aS v * - - - ! J! eJCJfc.3 JLSJ 

J—i aa!j>- .JjL>- JL^- jl wL>?ji Y 0 £ c.. SI 0.75 H| ^-IajjI jj JL'IS" ji ^1 ^Jo** 

JUL-S <_jI .p a_?«jLuj- j -i—jj J * aj >wjl jlJuL» J_*iL 0.5 H ; »_jI ^ti_jj! ^I y 

aS Jl • -^. •* -LaIj>- I j i—. . ‘ i i JLj^ ( J5’ V 0 oJLt JjL>- »_jI JL»a^j 0.25 H 1 aj 
. J-iL 3jjl> jJjti jj* AjN Ij J.Ij’.a S"«j j\y O — J ^j*^f Ij j! JLj^ ^L*j Jl 

Jj-S ^Jjl?- *-5 _/** •J-i jJ-UUSjjIj Aj*V *>LaLS JUIS" JbU j j JoJ-a j^jil ^ 

ills- jT 1$JJ J *——- < a.i A_ut y t5U Jj»-b ji ej aJjJ jjS* y Oj j-a» aJ Ja^jj Aj JU^>- 

oi^<w jy^ aJ j} U ji <yr r ‘j jD JU j^ - aS^ ^jb i yy y jh~>- yj] ~ j -.- ^a ai>»jj 

LjU l dll>- Aj jJ J jl Ij aJ^J tSjJ ^ JuU £>j lS^ • * j J 

. Jl J»-b Aj J^S - w—d'i S yu Jjli jjz- AjLU iS'VU jj Ij ) _^S'aj aJjJ 

A_>-^j L JUt—S U jJ A1 ..IJL_t*SU 1 w>il A iilra.J ji Ij ^'.. jjj-jj t-ul JUj->- 

•’ £0-^’ ^dJ Aj JIjj" yuL ijy _ Oljy Aj 


Q, = Kh^tga + 


dh > 

dx 




t jl 5yj -L*l^>- Ojt-C. 0 “ ^ r) AjiUtA U Sy Oj yPji aS 


KH tg a = Kh, 


dh 


tga+ ~3T 


dx = —-—-d h 

(H - h)tga x 


(b-\r) 


t A^/ji/ui((i-tr) j^Uaji a>UUj»- 


H 1 H,h x 

x =- LlntH-h )+—--+ C 

tga J *' tga 


H j_j — H 

C = —- ln(H - H J- 5 -- IJU jh, = H, jlJLi* x = 0 aIjI a> 

tga i V tga ^ 


x = 


tga 


tg 

H I ~ H 2 

H ]n —1—+ (H - h ) 
1 H ] - h x ^ 2 x' 


(f-\r) 





J oJu»l UO 0 j •*-—'oV l ji ^loul ^Ja— aS JJO ji—JLi AJJU»>» ^jji 

yjlj a .aW.i . o...*l JULS ^-jIj (J j\p i ojLt <i . JuL Jjbl i->- ^il r~*^ wj-*-> 

yy* j~k> <Jl*H JUiL /. ^ * JSI.Ap- ' .... j l ^J n -^ jJj^* 0>l aS ^jjjLi u>[>- \j Q j_ * lj JU15 
. J^jl oljJ^ljx e|f JUlS 

i r h ,- h 2 i 

x . = —— H, In —!-- + (H -0.9H,) 

eff tga i 0. 1H, 2 i ; 

L J 

'/. Y ' * jl 'j~» 4j jl^?- j JLi 1 H., = 0 f-\ jt Aj 

1.4H 

x ,, = - 

eff tg a 

(Jlyr jJLlJiU 50%) H, = 0.5H, *ljU j 


1.2H 


\ff = 


jL^j JLiLT £y jl aS o~**<I ji jl>^>- Jbjj ^jl 

. jlSI <jj j jt ^ o> j j^ ji jl^->- *S ^ijAt i _j_>li aj^ ji ^1<IS" !jjl y j jl*1 

A S L ^ a i^j -*l ®JOi £llj ^jjLi j—-£ Aj*V <SJJ cJlitS" i..i— S ' CJjL-t A t 

( Y — Y Y" JL«il * JUl i_«*<lj jjJL)Uij-Ai Aj"}/ jl i\jj AL^>li Ai ^A jl i aJ jJ f\y> jl *J 

jl (_J4JiL»—* IJLJ J 2 j-i >.-,4, b aJjJ k_>^_lo Ai 0*5"Ai jjl jl jI_ILj 

jl j^j (_JjlJLi-« oJl>- jjjl J- 5 • *Ji -KlL-*- Oi' 

ol Jbl JLil oJilj aS jl c^lj^ j tj* lA-* °j { ~—^ j, - > j^ti 

ij^.sr 0^7 'j f ^ *jS jly ( _ r l5oj t-il £Ja~ jl jJ 


.. . 4 




jT^lj^luSjl^.j^UAJjJ (Y-Yf) JSLi 




r-i-tr 


Q oi <i l _ 5 v- 4 j y j jl 4j? .u.> ^ jL2J 1 j ^ (r-ir)jsL; 

^*ilj e jJ jJ 45 (jjl j <jj& 4j (^Lfc 4^ jl ^y> jf' j* ji jj j jJ 

JJJ jr* Q jl 4-5 ^-jjj J i £jljJ oLiL ijijb jl k_-*T . J_£L i^S j>- jj C—«1 

• ^y~* Lf* i_r*^ “ j tyv^ 9 jy* *i fl j J (^r* jjdj Jtf-M • - 1 j-* {j* (m .day' 1 ) c—-I 

(-U-iL JjU4j y <_jji^-* o\jj-?r J*^ Lj) j^_ 2i ^^J ( _ # iil 

• C—llj 


(L- x)q + Q= K h. 


dh 


dx 


(v-\r) 


x — 0, h^ — D, X - X, h — h A ji "j*>' ^ j*S Jl ^£j\ L 


[ - yq(L - x)" + Qx ] 


x = x 1 -> 

x = 0 ~ T^ 1 x 


h x ~ h x 

h x = D 


—q(L - x) +Qx + yqL = y Kh x - y KD 


2 q 20 -> 

h =-^(2L - x)x +-~-x + D” (A-OV) 

iv K 



*J* 15^^ j' oLJLi (A-^V) 4 JjL*> 




T9 A 


j ( *0 J l-a—a —*. — * ) La *i_~i j! 4 _jl —JLj j'o ^>>_. wb j^>- jJ «u lj>- j jj 

(aJ.jL*A t^Sbi lj.}l yS t y>-) i ^J» w'L-b JjiJi ‘b C—■ yS^ ^ C- jL ^ ^Jsj- 

«_J 4j A>-^A J eZjj f-LLj*w 1 (_jljb .^U-J —» *£ a jS ^jA J-a’L*- <sJiLn^0 ^j\ jl 

• ._£* .iljj ►I'AajI j1 -1AA pJjjJ jJl>- 4 dl- 3 “Oj J 

la ■ «|J J.i bj«i->- • *«—--* i jn^ * *-A Aji >—aLl> »—J JpLdj jj ,^iL-I—**jl ^ 1*1«^ ^ V 

Qjq t K i ig a t Z i l) jt *^^ dl,3-1.5 . .sjb j\ji o j.s jlo <o 1 _,^ j j 

ii<...»iol^» JulL dhydx = tg ot aS aj *u>-^J L (A - \ Y") jl jjt<> . 

fijlJLJi Aj Ln^uI s>l« -aO ^-jLi J l)j^ A^- . «>jjl <■!■««0 Aj Ij < 1 qJj JjJ 

C/J ->■> ’r^C^ 1- ' J^- 5 ^ °^ <-r^ ‘-j^. Cx-h^ls*^ 

. JuiLl *JL>b ijA- J ^j£' y-~A» Aj *J jl~J i*2~«aI 


jfjUM ^LflUAj jj U“"f ®j A3<W 1* — 1 — 1 T* 

<b f -Lb oj . _LLLi jl jJ iy*S> \j j .>!JJaI ji 1 i j£~n*A 1 ej ^v 3 !jl ji 

^ If — f e j j (Longitudinal) J j\> ( ^LfJl5' ej pU^u JJjli jl J ^_~-i il-Uul ji 
. JujJ'ijA a-LaU (Transverse) ^[+1$ t} pU <u HjJ* ^ aJlJLS - 

(ij—i ^ a j (_jLs> <d^jJ Jl <S) t _ f ~0j-£- c\ji\j£ <. ■ * £ e J J- 5 

Cn*j { ~rr^y J -J 6> j'-v5) *£ { J'^>- j\j ]oj^- ^jl^c-^-ji 

jj]e 4j u»j1 >—~. J j ^o—P jl^ -Je> j}a>- jj ^C...^. > - jJ 1 ^a jLaw! 

. i jb klJj jji <0 - I jl Ajj\j J ^ «J “vJjJ -Sj! J 

. '■— • .^ 1 (^yiil) (j““^ e J e$ «oL~» e J L$^i < > * ** "j ** ' J^" 

jL>wl jLjl^ 4j>«jU>- . \Z .. .«i jjj jrtU 15 '—*~“1 e-i-1 ^Sb V jj 1 jJ 

JjL>«j j! jl L t ^jA jLj^»jI ( j tS aj p » a_S^ iL Ajljijl k> j^*j <_•■..-<« ^51 Aj_i 

jL^>- jl (_jiLjj jIXLa jj . j>a!^>- ^yAj .tl j** L j jLj_>- i JuUj 

(JUlb j (i»jjl i 'f~ \T) aJl»1 jjZ£1j£ J>jij l*_Il~A Ij KC'jj' Qs!^ L$'i ~ <> " ' * 

( _j^5’ aJ IJLJ . Jdb JL*1^>- ^Ij jc~*J J -5 Al.-,iljJ *j>-J 4^-jJ-a J- 5 

, i l..,.i yjA O-iL jlj T jl ^JLj jl. a jj 

cT^ e j J jtt- 4 J Ar^J ‘S j* l j*~^ 4 J - 1 j- 1 









X 


- ■ j ~ 

h ~ -r“j X *" + Ax -t B 
x 2Kd 




x = 0, h t = 0 j x = L, h x = L tg a 


mjI <0 


B = 0 , A = 


qL 

2Kd 


+ tga 


hx 2Kd 


(L - x)x + tg a x 


(\\-\r) 



<ih^x *\\\ <> 

* x max ♦ 




t-g a 


^ Ju Ui jJu AjY 


>j ji tj xJjJ ji I ^wk—' j»jj 10—^ r) 


<3iU. JjT ^ o—J <o O Y -\T) <3:>U* *S I j x mM j\M» d\y ^ h mM jjjjT C—J <. ^ 



ry\ 


~ * j v * y ,** J; 


L—* % 




<uk^) i jb j H _iaj jl jyj- . J>- !j jl j ojb j\ji (' ' - '.T) 

* /! h_ = W - H h n _ ^JJ<o^U c Uf 


j! f-*S i_jd U aJLvsU ^I-Ap*- . JuTC.~—o Aj JL 1 ? ej Lj jsjj* L *-1 j! aj 

dh x | 

. j—L ^ - ■ ■ - — tg a ^j^I^cjLL'I -^L *]oa> ji j^H 

jJ.5 jjj J\ . lii^y jL— i_~-i O--oNt; jJ lj u l5’flj a!*—- 0 Y-- NT) aJjL*» 

: aS - Qj jlo-j^L ^ jQ„ CwoNL jl ^ ^ibbj a» 

0 u - -~— + Kd ig a j' (_r^®j*H lPjjj &iyr 


qL 

Q d = — + Kdtga 


j' <_r^ °j ^ JJ ^.jr 

-I ?yj j^A ZZ> j' ^I—*—* jl A_J A_»ul L 4. 1 • — I C A— a\ k Z • --0 Aj 0>N JlL. * ^j| jl « P 

jl.AA>- 4 A—T * jl jjNL (jjljJ Lf^~ 1 '—~~d ®A— y9>) ^ J a ■.* Aj 

. O— I 0Jl y^> OjljO 


: ^jLulAfj 

j J(_jl^JL?ej jl o.iLt. 0 1 c J-LL JL^ji T Lf \ jl JZnS L^jl >.....L *s ji 

,_5^;xJ 4_—-i 4.5 ^LfOj ja ^—-I Jy Sii<j *->l JjOS" ^y c ^j-f- 

y Oj y& Aj l*JL* oj ^S*l aS' Ajb a^>-j i_L .>1 Ji—1 jj> d °-^J - *"* 

A^-L. l f ^ *? e j t J-P ej p.l^. jA . 0-1 y}*y* £>y*S> AJ^-l— Jjb«- j 

(^1^ *S iyX v^-C-L ^*1 Ij ~ 1 CT Ajjlj jl y JpjJfljJ- L aS" jjyS ^ 

tj b a - fc 4 j yZ&^y£ . A — lj AJL— b ^jL-S" ^ °-A ^4-^1 

j\ j Je> jl^-»- jl J -I - «! jJ 4 _ ^ g-Ji j——‘\ *A->- \j J aJjJ jl eJLftl .L < (T — ^ T ) 

■ 

jjjj j^i) ij mwj T— i r 

(V — 6 ) o—l ojLio jjJjj j J>-b ji t—»T ^ia.-i o^o>-i 

■ ^ j'y ^ j' Lyk/^ 



^JLS tj *j x* jjb— _ 


Axw t - T -1 r 

Aj j I j jj <-S 1 ji - c Jjb L .. m n ^yj —ft. a jJu^j Osj n J ( ^ “ ' T" ) i ji 

kO»»j jt-bl —jI c ji . j^lj jl jJ ^J-~* ij* ^i*bJu Ojj~~> jl & ^JjlJbl 

jlj^- .sbj»jl >.!• p-L (_jjji*j j~j jLJLi i»j^ta>-l . (. l‘ .» M j ^jA ^y*&j* / jjl Jb j^» L* j~*-5jz. j) I jLJ-* 

• lS j ' jl" vW J ! jl y <uJ <±i jl ^ ^ j^-c- 

(? — ^ V jJ h^) j j . /-»-»- a 4-*b Aj*V jJ t—I ^ J ,.... > l_li k jL^jjLa -LuljJ 


»w . ^ .^1 -lap- Oj y*-P ^ j L.lt . . ....iLL ( ^jb®L 5 . -bb k—l O-i Q g >- jj 

jljl t^yyjyj wjl b J ^.rt'*^ 1 * *-J jl ol (_jNlj *j _jj jL^pj- . 0—1 eOi ojlj jLlj j^ 

: of ^ o —j ^jj Jj»y jl 


• -blj ( jJL*l-S' *— 1 


h x H 2 h x H 2 
4x K —^-=—C— 


0.r-\r) 




(in.day “') «Jl ^ L <, j j oJU = q x 

(m) ^jLii J-Jb = H?j h, 

<>y (m)o^l y+—J> j(m.day~‘) ( _y£JjjJL- r *OuLu —i> =D'jK' 

o~* jUL. i c = D /K y Oj <j I JU) j j |/3—>«_4«_» J 

• (-Jj-i ^y* jU j^a>aa<aJ) 4 ^5LJjjwLa 

(iS’j* j~~* j * jjj J- 5 <-?*£-* V--Q x ) jl-bT jJ c_jT o-ii ^jLi\ o\jyr 


Q=-KD- 


= - q> 


(\T-\r) 


k—iT t^Vlj <; jj C—ij Ij 0—1 jjljJ 01 jl j— j -blj ^y 1 jlj^rT 0 ^j >- jJ ^yO jl JiK 

dQ _ 

X / \ A \ Ml \ 


(\d-> r> 


‘ juT^o— ><jyjA}^ \&-\r t \t-^r i >r->r ji 


Q x = cK D 


(\^-^r) 



ryf 





jyu JjLij-i 


<^i jl j-k^ C-JU (?-\ f) j£-i 


Sjj* -k;'^ -U-L jl^l jjJ jj ^jL>- j Jj^-b c~f»- jj j* j<*J <«V 4>*JL>- 


jdj 


x = ° Q* = Q, h x = H , - —- q x = Cl 


x = 00 Q, = o h x = H^ q, = o 

( \9- \T) <JjU^ J>- jl J~ 1 L ^UJ cjj^j *j x 40 o,—; Q x ^ ^ ^ 


Qx = Qo e 


- x / v cKD 


(w-m 



Oa-\t) 

m-\r) 


(T•-NT) 





rvt 




h - If, 4 x'^KD 

X . ’I 


( y \ - \ r) 


C > >r) JjUa jl j_iL q x > 0.1 ^ jl jj *S (*JU ^U- l' \j (x clT ) d-U Aik^ a^L>- 

i a 5 J j*i 

x , = - Into. 1). VcKD = 2. 3VcKD (T Y- 'iT') 

err 

(jl y J^ jj Ij Ad ia' .,* . U a « j j.<a-JU» 4 i> , . i Aj"V J ... $ *S ^ylajl j-i jJ 

t a£ jta jLU 


0„ = AH V^ 


AH 

^0= — 


<rr-^r) 

(Yf-^r) 


j\ Q-~ jLS' ^oJL^ ji' J-> 

- X / ,/cKD (Y6-\r) 


h x - H ^ + AHe 


jfjT jljuT Y -f -1 r 

(V— \T) ^ "Jj~iJ ^jJi - j t -jl i_jToJl_i dJl- 9 - ^jljj 

A^L—i ^JJAJ Jjlj «-£ Ij jlj^_>- j 

pi-, j ,Z-.»»1 L» Jjl Cma .5 Aj j-JJ aJjL_a—» jl j 

‘ cf 4 ti 



Q, = K.AH.p 

(jjJjj jj^iTb*- oj\yi J jAjJ-® ji TTl -day ) j-U^j ®jl yj jl >—A iI-.-j = Q^ aJjIw^a ^1 ji 

(m.day' 1 ) jL^r <ukj> ^jSUjjJLa OjIJj* oj^ = K 

(m) jLli jl = AH 

(Ju^ j A- \ r j£Li Aj) JL jl t _ r *jU t eS ~<y*y J A-jj-k = P 



l _r~- O'* <J> :v.y Ji 1 —* j *r’ i J-* 1 * 


: JU* 


(j jS y j-!j jjJj, U' y '-^i L) j^omAaJ 4^2 jj 


D' = 5 m 

K' = 0.01 m.day 1 
c = 500 days 
D = 200 m 
K = 25 m.day' 1 
KD = 5000 m 2 .day" 1 
AH = 2 m 

(yr-\r *JjU.) 0=2 

^ n * 


= 6. 3m ~. day 1 / J y» j* 


(Yf-^T)4ijU> q Q =-= 0. 004 m. day = 4mm. day 

^ 500 

(y Y- JjU* x = 2. 3^5()0 x 5000 = 3036 m 



aijT & jl 

B = 50 m 
D = 200 m 


B/D = 0.25 



^ • j ji 1 —* - 


rv* 


p = 0.87 
K = 25 m.day ' 
AH = 2 m 

Q () 


dx 

v / I - m' snr x 
dx 

v I - m sin 2 x 

B / D 


B/D j\ jjJijIj (Y ? ~ \ Y*) <JjL«cs jj p jjj (A — ^ jr) 

jLS ^J 1 ^ • * * • o->-L—■ yj* ji-5 \ * * N * j4Jjj 

t J£ jUj^- t j a*J 0L>j>- - 

40000 x 6.3 = 252000 m\day“' 

= 2.5 mm.day 1 

‘ J* &JJJ i iijT olyr - 

40000 x 43.5 = 1740000 m' .day - ’ 

= 17.4 mm.day" 1 

J ^>-lj (_£V ? * * Aj ij Iau5 i t j 4* ,J ji >—■ ■ * . I A j IbI* 

a£—J 1 j da—^ jd Aj 0^_y I j C .~ A j i‘.» il j| oJl>- ji . C — 4 jJJ^j Jj^5"L>- Aj 

cJL>- c t j• A—iL D Ij Y jl ajljul kS j\_y Aj j 4^) 

• ->j/ i.i Aj 4 (^4 ? » ' U T 



^ t/* A^ ^ 


= 25 x 2 x 0.87 = 43.5 nr' .day" 1 / jJdA >./U- J> ^ ja 


« * 



TVV 


Jd^— J 




wmJ d Ab i/B | Lb <Vti i»i^ T— 1 r 


JuL«-i Ij i y*J £ulau« ^jSCJjjJUa ia>- • c- 1 ! iljl s 

y~~>. J->\ - A * 1 y *yrj <i L Jyjjij V 1 *jy>-S. J\ J* 

Crr? C^-^) Jl*l ^UU-jUaJ 

2 ^»-j aJLj*- l)T jl *S UJ jj\ y J<J I J O-U y ■ AJt} y jLll lj ^yJU- 

. (-L iS ^ * — \ V 4j) JLilj *Vlj <J JJ Ljjl t- 1 11«| *£ ,_^La 4jV 





rvA 


Mt*i Aifa it 1 1 — 1 T* 

a iala' j jjl ^ L i " o ... t ji C- — <i j 3 'i-S" ,JjL>- JUL? l_i ■Jl—JL j a a ja. ■» f j 

JbL 3ji_.1 JjI Jb»-l jjJila ^jl Aj a_S aJ^jJ Ij ^JjI>- JU15 . ‘ * ■ ■ •*' ^jju O l$J«' JL^iLi aJui 

JU15 A>-jjfc A? (__£j^Ja Aj , _l_lL Alij jjt jljul AjV ji JtaLJ j a jj ^jLS” ejljbl Aj 

. j-i jlaI ( jJLS"bj «—ji <jj y~~~j jljjl. jlIL 

JIjIa a^jli JC15 - L (jl^J < j f * ~bl ^ Aj C~»l i j-S A S Ij ^jjIa AaJL>- 

. > JZ jjS ^rjy>~ L JUL5 i»£o aj jl JLaJl j a*.JL>- *_ii ^>\ ji 

Ij ol a5 J1»La ji t^j| 1jA> jljjA L$JJ Al - . t . i jjjaUj> ^ If - , *' ..? aj C-l^ia 

Ju^£j jjflj jJ ij ^^Ijjl £j^^-A jjA—i i j-i ^jA aij ^ -J fc - > »J ..l. ' -. fT ^jA AjJLij 

*S jJIa *jl ^1 Aj"V (Jj jLjT jJjjl^p • ~*a! a J-i ajii O ^ ^ T) 

<J1 ijl J ^Jujll J (JJjLjl tw^l ^IjLa J «C> j! ji O—JI 8 JaI Aj ii y J jji J jA ijl jj 

Jl ^1 oijj Aj C—«A J ,^_jL ^^y-Aaljt <• olljl 01jj->" Aj t_. ; . t jIJLLa! ji i_jI . .ij —t 

Aiiala J j\J AjM w.-'l j' ^^ iiU- 

u1^^jj^aS'^j^ajj^^j_ h x>»a jaj-lijlj zyrj^. U 

CjLmjLs^A ^jjiL*j|^yJ J^-j| ^L^e- iyAi . U—jL ^jA jLJ« 5 i^.,»-^j /^jl ji j ^Jj w-jl J-Ai ^^A 

i^La # v1a L jj»1>«-a j^jI O — ^ T*) <J_j-L>- ji . eij ilLa- jhj Ojl^J 

aS” O-aI _ i ^A ^_J^A TT * ^ A-0. C- iJjij jljuL. . aZ«-a! eJ_i Al>«jl JLa Jjia ji AJL4A ji 

j 1 jjrM I j-^ jl J>-ia . J—llj ^ J J J Ji y-A \ Y J 

. -1_j Lj jjjj3 JL* ^yi~A Y jJ Jauj^A J^jia Aj aS" ^|j jjl Jau^ljl Ij Aj jjS 




TVS 


lt-* *j v Ji' 1 —* j ‘r i! c-i; j-. j_a> 


w J I i _yU-C - jJU O LLL ^ ■ a J j]sLJ> C*%j jj?j O L-* L>U> (N — 3 ^ *1 J « Jl> 



{mm) 

lijWj 

( mm ) 

(mm) 

»j- 

{mm) 

j s-+S 

(mm) 

(mm) 


o-j'-* 31 




150 




r 

• 

■1 

_ 

Juj> 'IS 

160 


95 

150 


65 

16-30 

20 


90 

80 



o 1-15 

90 


85 

85 



16-31 

15 


40 

60 



i>J j 1-15 

15 


25 

50 




16-30 

— 


20 

30 



1-15 

5 

180 

75 

140 





16-31 

— 


70 

150 


10 

0,1 1-15 

— 

90 

70 

150 



16-31 

— 

90 

70 

150 


20 

mmmmm 

5 

90 

75 

150 


20 

16-30 

— 

90 

80 

150 


■a 

^1 1-15 

— 

90 

85 

150 


5 

16-3! 

— 

90 

85 

150 


5 

1-15 

35 


90 

95 




16-30 

10 


50 

55 



u 


1-15 


180 

95 

140 




16-31 

55 

90 

100 

150 


35 


150 


105 

150 


45 

16-31 

10 

90 

110 

140 



*uji '-IS 

190 


110 

150 


70 

16-28/29 

120 


100 

150 

1 

20 

1-15 

160 


100 

150 

■ 


16-31 

140 


95 

150 


m 




43<i mm 
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j ^y ^ *i *5 C~*l ^Lf^} (Unriped) ^jli l _ f ^>\jl jl 

jy ^rC^r' tSW^- 1 - 3 j cr^'j' • -^j-*- ^ «-uLl-* «L— j j*J J£-i <j l_jI yj jj 

*S (ripeningjjyOi-j . Xjbjly *jjZ jA jj 

■ ^ <i Ji*V 

■Jiff AJjfji 1“ 1 f 

-r^cy jLc-1 0^1^ C- «.i j! L t-AJjl jJ 4^S” C~**il (_5 JCj1 jj ills*- j.l —— *j 

cf“*^0 ■^ a * ,, y ij - *^ j jy*y ■k -"*y ^ c-jj1»j OjIj c ..»o jl 

o!^ 4 <ii^T jlji jL£ iS^Jjy j*~* j^ i]L>- j ei (JjJj ^ l~ -. o ' ■ 

4-S" oj_^^ y» i]L>- ^^LJLII j ^1jjjl **j «jL-i L>jU> ilL>- 

^^Jau^l ojc IJuj oL ^ -L* JL>- ^L>utj^i . O—ilj Jjkl y>- JUjj *j lj jl Jl y*~ y 
. j_^-i ^j* j yy iiJ-~*j J-iL ^Lj i3l»- ^XZj^S olji *>-j> • >j 

• ^jS ^s*^jy* j'V^J k J 



C J O »A l * 1—— I 


rAT 


^hXwMjj 1 — 1 — 1 ? 

C—l jl *'jr^-> ‘ L^ 1 "V j-j 0-U—j ^ L? Oi^-%^ 

J^*^>j*^ l -^*-i^^-*-i*i(v r ,j J su- l iUUi. O-ir jsc:) 

(^Lyi» JulL ^-t.—I ilL>- *5 ^ylej U . •&£ Ij— ilbx (BO) (_£^aUs 

£■1—■“I ilia*- i^-jjho j jl-Li< A _ j1-Li_*) £l«—il ^jU ills*- ^ijfcl5 > _ ^_y 

Ja— jIj—- i ji }j —1 (y^JL-s^- ill—:L- ^j__^ ^ * • j —a ji —jT ■ '* -j ; 


on UXI - 1 

BD - -gm. cm ' 

100 / Y s + A * 


% iiL. = BD x A 


O-U) 


(T - ) f ) 


(%0M) ( _ > Jblill>- ^L^JliTia— j— •^1 . o—I ilU-juU- ^Jl£>-= Y s a5" 

. y s = 2 . 65 -(%OM/ 100 ) 1 . 20 xiL^^>^^L-^ r / VT 6 j T/^^-o 



j-L—j aAa'j** ji« : a * O — ^ 'f ) J^-i 


J t -Li £j^«i |j?* j ^1«— -3^ ^ £* ** i)JL — J . -XjU (jtiljil jl l_£jljbL il^>- 0-U- 1 J ^ 

J 6** *i O-V-j llp jr* *jS jJ JUpI gp-x* 

».jl.S jL— (T- > f ) 5wl ji J jl—J *J O »~) ilU- OJ j-iwJ . aXiS* l-Lj 

j^^ JL*l>»jl(J<; (Jl— La-Op O—I /^>L*> ji> 1 / j lJ l _y«-C- Ij ilia*- j ■ L ■ -j . '--••>! e-Li 

j L*..<•» I ji ills*- j,X —j JLLjI ji Ijj ii ill-^ jl jy**—? _/•! 0^ jl ^ *i.i.. > 

. o—l OJjl ji jjj! J-j >w—1— * j ^~ll • «<L^ ^jA IJLj A«*B1 ^ jJiljj 1 2*S- U (Jl-^ 






TAT 






aJIp qJumkj ^UbJwjfy T-1-1 f 

* ^ ^y* O-* ^y^ — 1 b*- _y* J yy-** * t ^^Jy5 >J‘ ..Xi. j L O L*^y-A 

olji jbjL ji ^ylLS" *—«-S”y j 1 _ # JLL~»S1 ^LajjjI y y ^UjlJLo ^Lywi j_u_kj 

.ibyl 4JliJy- _ JL y >—fLb*- La kl.i. 4.ly-» j'••^r-^ j 1 ^yby t^Lfri^L; y • o—l iJU- 

lXaj jlAi_* (_j1jb If S\>- £y ,y\ y>«-»A . JJjbjy>-y ,y^LO C—<*a! jl a S jsyi^y 

J J-*^ J* ^> A r—'J • y^ j'j-* y ^—‘ Zjy ^~ c ''Jj j' Jr* ^ (_f* 

Lbj (JjLj jl Aj jLj -UjI y yl . kO—il jJl>- 15 s jl Jj£*-* lyA (_glf ..lLw-t 4j(— y 

■ ^j' J by- L\yjy*j Jjy® j£ y^y^>" • Jjb 


0 Jo jj jl jIjlO j— jj ^ A jlji* 


100 85 70 55 iO 25 










*£ iSjJ^ 42 • -^j' 2 -i»Ljj' 1 j ^-*Lf ^jlj ,_y-^lj1 0 j J t-Ly*"' 

• ^y <> j 2 jj! 

w 

duljl Aipye 

jL..-o <jV laii *-L~>-! j C~~“l j *S jl. ~; ^yjLl ilL>- ^$U jj-l...A d-jIdA ^la*- y> ^yj| jJ 

J ^ji-Jl ^il~u jl JjS" L^* - *^|' J ^ > ”J'* J -1 ■ 22 j-^ I^f* J-' 1 '--" j' i^f > ' * rt “ l 

<£ j'y lSW^ j*-*- J 4 ^- 1 (ji 1 J 2 (_r-^*j 22 ^ a 2 ' j 1 ci 2 ^ j'- 14 - 4 

Ij-JLS^ sj ^A>- • y ** 1 (J^ ^Ioj J - 2 j-~" ^ «j aJL^Ls , Q -^i I ijy*j ^-ia~<‘ J - 2 

oVT^j--*iL» j' «->li-L*J aL>- y, ^1 jj JjU *-^— 1 ■ 2 y- pL>«j! j-4^ L 

_ii L>- JJ Ij j pS Ij&l LOUIS’ jP . JJ-iL jL-S" ^j j-ili Jajl', J! - - ^ l 

j' y 2 j /* ur 1 ^ ^ * l 2 ^ * • 2 J- l2, ‘ y*-* J- 2 ^ lS 42 • -4^ ij* y 2 'Ij*' jy W 2 ^ J-^ 

IJ ^y>».l a*M ,1a .At I J&l j} LjJUL? I jj\ . Jdj ^jA yt V * Ij 9" • Aj l^jf ^yp (Jl—' 6 .} J»i»- 

■ y* ' 42 J y 'j (J V^ej y 42 £j**4 J>j -^j'—- ef 4 

(K - jf&to) jXJjjiUb ujltXA w)^ j^ljj( 

o*Lp jyJj i i _J L> *^ >,J 0-^y'V 4 1 | j -2 ^ 2 j-jla 

JL»lLi y~ j 2 ^ '-^ j ' j 2 '-' j ' ^»S" jjj (_jLfcL«uaj Ij j»-lap! d.. o ««j ._■■■ ,«il 

t ^J (jLfS'U-ji y>ya^- 4j i eS^lj y J jjj J -^1>- i jJ--j ^J- 2 • - 1 -*- 2 ^ 

i.^jlJL^ \ JL>- Aj o! j— ^jI , JLA^ Ij jl iSji I ^y^J 

j'- 2 J jj- 2 j L^W 5 ’^- J- 2 J jjj J- 2 J- 1 ' -^T 2 J-^ u-'j'j j- 2 J-^r* 

• ■ 2 - 2 ^f ^ JJJ J 2 y 4 ^ 

i^iUib cLf'l AiijjM dlpyn 

jly ^ AJ. o J_--j jd® yiL- vb^ ^ <S" (j 2 ' jl ,J-J j j'-j d-iJi 5 L 

jl^^TlM * jJUtfli 4j 1 _lij! jj iJ iS bJ (_jl*4jjj . j <, plail J~S oj ^U<djj o-—j 



y j u r^ - (»■*'(J-a» 

w—jJ . jIj ^Ijil ^i* 6 * T • Uij !i jj| jly ^.4 Ijju ju^J; ^ ^jiSj 
{J'*^*" 0 <S^Lj l '-~—>~j ^»- t ' ■il'-*"" LL — j 4jT ._yiL« j '-< j ji-i gj-*~ *■; *-L»»p wJu> i——ii cj ,^ljk 4 J jl 

. J y&j \£j j! pL»*j! jl >.1 ■. * I o.A.Li 

ii\& ( y XbMtj J J* M *) l fjtitS 0 j 

OojJtf*j ta a > - oj AlJl . .Li . - * *-; l jA <I-Plj i]U“- j . i — j --U« j <-j c j 

J* • ■* j!—* ^ £jL>- L—I F C. tJ C'l j j c~J^ie> ~L>- ^VL _p a5 1 j i3\jL j! 
L s^“j Jij° J' Lf*' jr^L- c—“I ^yyx-* ^UL^ti <1 j_*1»j jl i^-^j 

jj-t* Ji'-* j j - 5 j' ^' J J ^ J - 5 (j-i-S’O • ^ 

OjJi <i U_up Jjj ^Lfclvii jj ji^>-—<T jJulj jj^pj (JL! j ^jL*i ^jL>- Jul^j ^4 <i—1 

oJL« Ifr-lS"oj iyij^ j! jljLo t—j| *& Cwil J'y* (jjL*J j~* O-Ui j . 

l_j yJL» L «j^j it j aS” Ju! ^j4 iy^j Aj ^jjl aj"V i)b^ ji (_$ j^pl^o L . jl»L 

lT 1 Ji 1 <j-\* ■> j^r ° j- 5 j4^yj j j- 5 ^Wv' ^LS" ^ j~*v 0 * j* J ° 

y> lSJJ^ ■ -J^->Lj 4_obl j —£- JkJ ^jjLj jLapI j! *S 5y-~“ i _j* 

*_JL>«j L^jyhj jl LjO A ‘">j A, jig.« j S^jji *^~ ‘ M J eJLS! jJ J ji n c* i_jk A .»J j J <>_■ ~»(—»4 f 

, JlJ« JLa! 

- jum»( i^i^Tb' r-ir 

j LaL^p ^L>-L^# jl ^LgbU*- ^lii jl <—j( 

JujI yi L .*yi |^p ^jl . i>j • - ^4 i.i-.A !^-4 aj ij>j! ykj^t- -la^ljj L_|jLiJj««ii c La a^-L 

j *-Li i_ -«5 jj’ Fc j jjLj ^ j->- Ajja aj La C.-wAj j—i . i ( _ r a Oj j j^rr* l£ 

. <i—l j! jl (_y*iLj ^jLl ^Lj-S’Lp- o ja^j j lj FeS j^a! c~ . a )^ 

. j j-i <1—1 y ^ S~l>- jT <^jj a 5 ^ FeS n <1 jj-j aj FeS 0L4 j jj_y ^j! ji 


Jjlil4 La <1. - a ! j—1 j e-L-i jl I y* a —’L»j—'j 


1 “^>aI j-i jUT j j_j-i— 5 " e 





• y jij tiW yj* 


4 FeS + 10 H-O + 9 O, -+ 4 FelOHF + 4 H SO. 

P *. A. S 

4 FeS 2 + 14 H,0 +15 0, ->4 Fe(OH), + 4 H 2 S0 4 

I 

12 FeS., + 30 H 2 0 + 45 O, + 4 K + ->4 KFe,(0H) 6 (S0 4 ) 2 + 16 H,S0 4 + 4 FT 
04-i . x. — S'! JjU~. y j—-- FeS 2 jl y-yJ>j*y <j FeS — 51 

jjLfcjJLZl) OjjU**-* ^wl^.,. 5 1 c4j4j . JL-il ^UU iib+pH jS\ j .p >-4J4 jLjL^» 

j «jl£ ^jlj 51jJ ) _ y * jb A1 Fe <» . j^ ^2 jUx j j-* >4x5Jl...—51 

(_^L^52*j j oJLi ijlj AKOH), 1j Fe(OH), L y- i!j-*** J l—« 1 . JlL»j Al(OH)^ jlJ y 

■ L».,«I < J .. ..jjLj*- <j^^ J 5j^ O^y L .a..,w -A J 4 j 45 JoL*j 4_J lj 4 yjj> 

lj ii5) ■** ii rt »#j1 j |i. - - 1 ^ L — jiimX) jjii >A 1 % 5 j jJ jjJL*a 

Oj^jL ■ JL*j T L' f 4j J «45 ^4 — ^1 OJLi 4> .lib- pH iajl• ijjl fjf* *y?j x» 

t j a - - * 4^ *i «v5 *<— ■ - w jjjl .J^ " jl^jA a! 4j1^Zj 45 ^ ys* t ( M ■ C* Ij pH 

. lXw>1 sL^ 5 JLij oJj54 j4>*^* ^J>!^p jl Fe .< j Al o—■»—> 

fW 5 

‘ <_,* (j^ ^j J,+* j* ^ij^y* *V*I ( _ f 55 l 5L#51>- y 

H 2 S0 4 + CaC0 3 —>CaS0 4 + R,0 + CQ> 

lj (_^jL» 4xJl . JlL* ( j* ^iL tX^" j j 0^-5.1 ..• 5 1 4x1 y ji pH jlJjL> j 

j-X^j 55T .aLj 5j . - a ,* ^-U- Jl ijijl. ib ^U»jl j5 55l ^^loljJI jl jl^j ^ 
^jU lj iJLj"- L j o £ £jjy& ^ JLi jLi ji j. . /* ) j j « «i ‘ .i,.., .I * ilU- c—<1 

jl jIjLL* Jxilj ^ jV CaCO, jl55 jj 551 * U o-»«1 

i}[>- Oi j5 jJil jl j-j L j-»- p . Cwil j'n 5 L_«jl 4j 5^ t ^-*‘ 5W^^*“ 

j Ca (_£ y^**- 1 j_$dW^ ijjj«5(^>UI ji- . c ..«l Jl A ^y\jy (_g. U .«l 4 j jf L y_j 

jS (j ji L. 23L?“ olji ^A ..* ji H o^j 5 j 5p1j 4~ . A L Mg 

JLi 4*1 ^5 J—» L jj-1 iajl^5 jJ i3L»- 4xJl , jb ^l>b1 jb IjjJ l->1 Ij (jl_^j 1 j j5 ^jl 



tAV 




t \ - ;Lfa- .-.at 


. ^JSwL* ^ 

—' L» w ^ »5* t— i Li j& La _* y lx ■ -. ’ I ^L a . * ,1—* I ■ 1 ^ ^ i L ^_. Js> j I 01 ^ j O i .X ^ i ! 

jlj 4 ^ ! j ^Ix-ol jiii J' • - -Y-iu AX_iljJ I jA L <S ^ yJ.Aj - 

j c-i —* J—! y H —Li 1 ^yj u$L*l j\ tolL L ^l^ij 4 j X —.* aS ^^lj>- Ij jjjl ^yjjzj 

* 

ijijA’ ^jl 4-S" O—il 0.1—- C-LfcLi^ (_£J J_J_o l ~ 0 - £ ^J-4^ J -5 |_J"J ■ -L'- 4J ^yJjl oJLi ^jL>- 

#JLLj O-i-i t _j~*" ^Lsj < _**‘^' S J >—flJ jl -bU (JU- jA Aj . JLiU j—*1 C—-fll jA 

( j>l OL—i Jl Ja _.y Aj J-^ _) a> " ^ jJ L& *0 jJ 3yJ>- _J . ."> Jl ^ )\Hy>- C -I 

• ^-*hjiJj 


■Jiff ^JuJ jloj 1^— 1 IP 

C — JL ^ ^j jJjLj ^15 <j j-l-i i-SLL^- XjI^ i jj jL (- 5lj_S’L>- c. — - L i j ( _ r tf»l—-aj1 
JijJl (_y {Jj -~* #jl»,JJ -5-b^- 4 0-b-i jJ» j* y \ j-i ^Ls*- i^IaUaj j o-lj_s^l jl ( j>-y . JLilj ^yw 
(jl vXj! y*JU Jll>- yA JuS ^y« IJ-J ^LftlS” j JXj 0-i-i «-U^iJ jJ iil>- I J 

. JLilj ^ 1 » <a« ^pjjUdj (_jljb (*'*’—) T) L j^-i 



^Li!) xijJi ^ jU«I (Subsidence) ^jj ^^1*15 yi ji 

ji . (^jill ^Li!) ^j( ^jA <j jl jJ y~> L^J'J>L— . jl Li (jL* y*A J (X -1. < > wi I 



P J . j-J L 


^y~ . -‘~'_*„-* ■— i ^ ^-j 1 ^ ^ - : ~ ^j 1 ) +jos-' t jL 

- Jul “ LS* Ji 'j* i 1 <S ^LaUu J^\ jt\ *i ^jyf O . ^ J jj-' J 

(^IjbAS" I I ^Lill JjUj-p ^IgSU- c—jj jjI • (T-'iT jSLi) c—l 

* «T .r 

ijl^ l » 4** £jL>- L$jl j! aJ**-^ j ^loj.5 4-S" ^1 J a-i jj vlJlSL* I 

. }} j> I jj> 



OJLi JJi JU-.l^l^j-i: (T-\T) 







t JL, y o JL, jj JU a^JIa = BD, j BD 

(Jj JibJ j.i (eiJ_J>»J ‘■^ Aj^-ikj) —b- ^yj LJj J BD j BD ^Jjstx« 

• -Ul y 1 0—0 <j La *ujm a O -JL \SjS c jl*Ll J O-Li ». L- nj aJLs- j* J£ jl t j o 

qIami ^^ajL J J JJjjJ T — r — 1 Y 

-> >jJ L—c-L j-j L r .—j 1 ^ a —‘ J^L 1 JL*- j_“ j J>\ ji l J~Z~j J jj aj^P 

jl jl JVL L {j .-«j ^Ja-i jlj ^L—jl ^Jsu- 1 j J— j OjIJ £yJi jl J-J . A yZ> y 

JL- (Particle pressure) JaJ jLii JjljJI <~*?y _jI ^Jo— oajjTj-jL j ajIa jlJ 

(Terzaghi) Jl j J Jjj jl j J ^ lj *JL^ jJ jJ J (6- \ f JSLi) a y—i ^ 


„ D, °p + Ao p 

to =T'" ^T- 


(fi-M 1 ) 


(cm) _ y c—JLi jlJi. = Az aS 

(gm.Cirf’) Ajjji JL- AjN jA JajA jUi ia— = CT p 

(gmxm' 1 ) ja JoJ jLL JJjil =Aa 

(cm) Jaj Aj j>» JL- Aj*V O-'Ltj’ — D 
(a^>-K> JbL ol^Jljbjl ja) A—«J^p^ = c 

. Cw>l ^1 jA j O... * « ^yb—« jI .* jjj jA CT w aJjLoIjjJL-A jaulj-1 jA 

^L-il ^LLJ JL- jA CT s . AjIa — j I ^Ira -m L y yjy ji ^Li_ijl Aj jl«X_i« 

I jl i-l—l i3U»- ^1 a-* jjj H 


( a i*L» 

CT = H J ^—-+ BD 

s l 100 


(?-\T) 


^l^ul ^-ia— cS^b ^b~jl ^ <S iyX ^y, y)ji ^jU c jl<_S'Ui- iyyA ji 

J Zy J j j^ J CT p = — CT W jl O--I OjLp (J p j^l ajj jLb jl-L-La . wUb y JL ^L—il Lj Jj 

: iS^^- 

f JjLu \ 

((a) 6- \ Y J5Li) OUa £l»- j> u;L-jI c? s = H| —— +- BD - 1 j 

((B)0-\f G P = H [~ im J ~ + BD + ~ ~~ 1 



. j j j\ c—*o l3j-* >—jybib L * «j jijj^ I j (£>~ \ t) aJjL«j> jj o r jlxL# ill 

!j (*i -' f^Uji ij—i aJL^j_>- yt JjL ^yl L U^i ji 

(gm.cm ■ »■■■ ^b yy &^lI ■, -■ j aj o!^j 

• y* ^yjl—« ■— > -^1 (jJ It—. • 0*i! 1 j C ~ “l jl £t-i! 


jj l> *•’ ■ - j3 i 7 ,i.i1 .1 1 ^ rja .ir 



(7 p = lilli o!jj tijlj 

Oj J& ji—* 


I ^i.n J >I jj tiH> ji jLli olj.i(0~'i'f) 

. {^jli j ilj-tl) 
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k^V 1 )\ jJ J UL* ~ j ~ 
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iff*3 ®i ^ 


jt.LL> 0>JL* jljj 1 j elj^S^ ojjJ 0-^ L _ r > -5' aj ,*.» y, «>j 

Jjl^J ^yi (_5L» ejli ( JJ>^ j l3j-*J - j~^'r' ^JT* J ^ ^p*; (^-bjlj 

ijl ja ji Ij b j <U^»«j ^jji J^d^ '~* J *d ' jZ^j J p.»^ai ji 

: ij*: .ul j>~ ,jjL jij 

. oT (w-it Jpf j 4 jt_* jZ^j iiji - 

• lt^ * j lSLh cA*J oi-rf! V^ 1 ’' - 

: j\ -LjjLp jb ^U*il }jj* ^y\ji o\y ^ *S j 


ii\ff £>l**lfM) (JJf) 

^jj*X A la at . y2.. m 1 eJ—i * T i *jj ( ^ — ^ ji ilL>- O-i^laj 0^—i c j->*-> 

^<1*. i\ £-;..U—■> (1)^ jJ *S (oL* % 0 i) >'ji >> o~i *J > J*t 





-A>- ji ^Eo, i' ^'Ej A-V j. 5 i$L^ Oojioj j <Ojj ~Li- jjjjVlj jJ 

<* L: J ■ 1 s “ S w ) -^'-» t y j^'*^ <S) -L- ;*j~*° jJ^Ei • 1 ^bj 

O —-1 j . ~ ^J .^L l - 1 * - El« j- JaL* -Ail j^yjEj ,_jf'l J J ■ Q - 3 ^J j liE> OojJsj JL .-Ej P > E 

c.l—- ^jl->- JE^*- C— {j^°j ^E«j -LjI^— EJ j^ A^ - jS ^ i L> .Jya..* ^1 j *il 1j aJojli 

uJ j' cr^ c —e ^L»- J_Pr - '■ 1 —' S - yr* <j'bty* <_*^E—<y j 

jl JbLi i—£ ai y iljl_-o i—>1 (jl j—*' A< (P“E) ■—■• ■ 1 a _5, ..» ^L*j IJJ JjlJL_jJo ij ^ ji lj 

Q j— 1 A.. <1 > »J Aj y - ill—>- Oj jis j J o^_jj P ^ E JLfcj Aj jl . _? »'jL>- e J 

. S = 0 *S jjL-o j lj .ij— j-*~^ JE>- Oujlsj e^-^O jl (P-E) l yX* jJ^ELo . Ju\aj i j* 
Ojl—P S mix j^jjEj • Jj-i ^ ^ iyyS j'jl^A; (P-E) ( _ f fl— _^.>Li_o J—j Aj Jjljl 

jl jl JlS— . J y .j ^ jl J Jxj > - jL»LJ ill —ji i)\y { j* *S (_b jl-Ls * jl .Sjj -Ufcl j->- 

ajj^ Jaj jjz» V6 JE— jj! jj) . o—l L_o P 1 L' 6 • ^j-**-* ^L^L>- j.> 


j oOl <_/-^jEj ^-r»Eo- . JUoL>ul JjJ? oU j>-\j\ Ij d-j jbj *j-*+£ 

E‘ j ^ S inax Jj- aj j^\ y j ay^, IOj i3U- Ojjisj P > E 

A S o iy .sljlo t—jl "yj o jji y \ ji (P-E) OQo jj^Lio aJ 5 . JuLo t yt ^Ej J —>~ ^1 ji y -) e ^* 

■ ^ ^ •**^' C J '^ 3 ““y JbL 

Oj yP ( ^ ~ \ A>«jI j_jjUflJ (j_^AJ J yS*P J ^Jjjlj ia— y* j!-Aio A— *[p**a L 

jjb ^ y?j i3E>- ji iSyjhj $y~<*£ Ej aj— E lyzj ■iEjEo i—<1 a 5 Ij ^E^jLoJ ol^J ^ o— I <s^ 
E*ooL« Aj A 5 iy .i y* y*JJ yiy» E^jloj ^j! j J-L-il y_yaj . iyJ yXS^L^ 

JL- JjjXj^ OJIj* y j\S ^jjl j5*l yP yPP~ Aj . £ y >Ei«ll! (j JJ ^ ♦ lj 6 ^Aio ) 0>JU olj jS 

*S y& Aj . O— i 4Z3 j£ 0 1 jyP A nflln . o ^SEj y ^ ^ ^ ^EiL* . ^ ^ E>»jl 

0.1^ Ej 1^1 ^ .- y\ A—jl_io . 0—1 y~*Z.* ^^ll— A ^Jl— j! iajl oAa! ■ !« 

O—^ A Ij 0 yS> J j J jl£ 0E^*1 t ol/ xij Lot jl ^ yyOJ ZJi\y I,,. aEt.^uO J LaL^ 

(1)L j (JLJaJl ^Xp jl ^ jS j^p- j zi IS Ej aS ij—j oljj y • -^- A - 1 

^jl y tj'^kp . OA>-l— O ypy Ij y>\ Ajj^j- yyj ^^J"t y?*~ ^ J J-aSp^o O— L^J Ej <l ~ t £ 

i y~£ oj O — .-j (.r^l jA3 Ej aJojIj ji lj (^g.X.A o oEp jELl (jljj Ooji>J «1)^E—j A—«Ej«^0 Ej 


ijj! O— i Aj 



r ehr uarv 

>4 


March 

44 

74 

A pnl 

64 

70 

May 

‘>0 

io: 

June 

101 

1 16 

July 

. 85 

1 46 

August 

81 

: it: 

September 

so 

, 

October 

i ('■ 

40 

November 

to: 

! 10 

December 

74 

' 

Junuarv 

I 60 

' 
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^TkXjjb ^Ijlji . —>Jl* _ jIiXm JoJUax (t_>) 

Oj^ q ^y^waO-Xj j ti'-*,/O'j^ (jrr-"- : ijJ 

<~.. —( l “ l d) J jJ_A- jj ^jjUfiLa JjjLi j\j~* — O J— — jl.i 4 -< ^La ejlj . i jl> l j a 

. >Q—1 3 fcj>- V* loJ ^A i_£o— o JX ~ , .. j 1 

Iju x>IjI jjj d lj Y" O’Oi 4j ol ^5" ^^jIa J— ^ 'jl—s x_S" jjb JL^a 

*/^ ■JJ- 5 !>-' lT*^ J*> jl Jlj 0—1 J^r-J cr 1 -^0^ j' 

^jjjU5 (^Ijl j->- 0-1 Ocl— ? jl j ( J—i (^'j' J-» —-Oljj J jjj Y U 

( _ 5 >-l^ jj • o—l Jl— \ x d LgjT £jjj ^Ijl ji *$ o—l ^Lfiljlj jLS’ ^1— 1 

(<_jOj^jj «j (^1^) jjj ^ ^ 00 aS Jj j— »—»Uo1 JIjIj jl j~& *q ^(frll 

ji t»jlj1jj <Jjlj£ tS^jO opI— ? jl _p*.*S ^ J *j iSLrf) JJj Y ^ * /^ (; 

. Jl— L jL *»5j Jl— d jA L^Jl ^_yij 1 j—l— j (j! Ji—i 


• jljJu Jajljj Sjj* JLl. (>->0) 


JLaI \ elaal^jLl 

*jjj ^ 

‘jjj r 

■jjjr 

*jjj^ 

Ojj ' 1 

1 yr 

27 mm 

47 mm 

56 mm 

76 mm 

90 mm 

2 yr 

42 

65 

74 

97 

111 

3 yr 

52 

75 

87 

109 

118 

5yr 

64 

84 

102 

127 

143 

10 yr 

82 

114 

132 

160 

218 

0 ^ L 0 ! j * 

j 0—1 OjLoOo i^l A., ala'.o 

<b ^gU jl 

j' 

1 JLfl— 



• 0—1 ^jj Ojj—> oS/> x J ^jij ^ljly -u 

ojj ' * 

«jjJ ^ 

ojjj 1 




110-350 mm 

65-200 mm 

40-150 mm 


(Jl-) \ 

x Ci cilfrlljL 


^jJjL iL j (^LjJo L ^jJjL o , - - i Lb J^lo jl c5jW~! 

. ^Ij lj jjj ^l^jl Jl j jj f* *JLfcA- Jl j\ <S 0—1 aJui XaJUjj aI. *> »A ^j» j 






jbjL : YY » */D-*/ v 

a^pL* Y Y £ jJ >b - • / 9 - • ,• A 


-CpL- \Y JXj L; 




: ^ '/6-Y/* 

^!L- l • £yj^lj'y : -JL- ' = '/ v - Y /£> 


oLaJUoj* ^jI^j • t _ J 2L£ ( j _P ji^ >AjLijjJia jl i 

^jjl L . XS Ooli-J (_J JJ> \ U * / j j\jj is jia>- 1; 

‘jjji *Jj\ji jrf' y. 


j^bUJU j X- 1 6 

j _p- ^ jr*^ J 

10000 0 25000 a-L* jlSUl 

lj ^JU4>1 l _jljJl;l5' 01 y iaii La A_!jaj 

. lL — - < 1 jb jl^-*l La A.....5.I ( j^o-A Ij y 

jl^j isjjos*- L> ! ■ 50000 10000 (_jL* aJLLj JuO ^jL^j < ^ J jJ 

O-J j-** * /^ j V -bjh>■ jlA-~-i Ijl ji . C—ib jUa>-I jJ i S j—* ' /&^ * / ^ 

,jA*>«-L>-J> L$ j~* * / ^ ^ j'jj Oi ^La A_ii Aj ^ia-a L$'-fr- . - J j 

j>xj ^jAj . A«iLl A-ZJ«I.S ^^AaL*A jl^J is jji>- ^jv*l J# 0 AjL A—Ldj ^bL 2L« . A ALl ^j» jLJ A«iL 
. A»iL2 ,-a. 5T l 0 * / j jl J e.> yX i jjU«J jZA \ * 0 j jl JUs- Jj Alkali a£ 

. JjJj tjliAal AjjIj £ ^.Lia aS ^La <2Lii jl AjU jlA-^Ji (J ^1jl J-i 

(_gL a 4 2- d i Aj jLj I ^ytia^u *jZS ej ( _ J s-l Je> ^$\y yPyaX~ t ^ia .-a )J ^’Ij !ji 

is jia^>” AjO j ‘iy jr 1 ^ ir*J ^'j 1 J- 1 cr^ ■ ' 1 l > ^ : * **"' 

J (^LjjAlL J (_*~‘“ J jl iSJ> (AC 4,5 ji^ A> ^ -^OaJ J J*_p ^jJjJjLs-i-a isli jl j\y 

JjlAjl, al jl a .*_ a', 4j jLj j-lia jl ^ A .aj ^y—S o j (_jLj_>-jis . AjL»j <jlj! Ij ^jji 

ylS oj is jii>- > _ ~A j ^—a 01ji< AS" A«iL (_J j_ji 5 AjL A ■•■ d * i JL>- jJ . X jl J jjji- y ^y 

jl (_Jjj a^«P j (. La 6^l>- jl j—* j ^io- 4 oLvxifcJLa J eJj5^ L^jI <L-jj J Aj Ij 

a^l A«.^«*l JjU $ y* { ^ * -wis . 11 <— 5 aj aS' ^ i j3^.ol yj aS jl * A^jLj iA*J 

Y • * Ij \ * * j-*J j J ( I !j***lj\**** ^Lia L) Jji® (J?*j jJ L^jl jl *A—'I 0 

)l ej jj.A- jl jl-.o Is I <J j-^S-s- (_5ljJ • ^ l l * * l » A .« Ij ( _j-as ^ O a « jl j~* 


a * 



* ' ' lT^' 0 J* J- ^ 

!j ,Jjji ^>-■ ^ »>Aj Zl-d ^>- 5 j^~ ‘JbJti 0^^ ^ yS" *j **—i*—4 j <-fliaJLtf 


c&j s Jt*r~) 6 

<*■!*>^ 4j ,2^ 1—j jl e „) <.!.>.»■*■ 1 J1 <5* o^ ^ iJi>“ 4j Jp^jI p^ lis>I 

. 4 -L^>- tl)^ jl Julli JLj l* 

• cf—^ c 3 ^— 4 J < _r A r’'~‘' iS^ji- 

• £yk (jUjL^* jj3ib> 4j_ 

: 3! -bJjL* >xi^ jly ^k: jj_^» -bL *S ^ j j JU- ob_^ jijW- 4 
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pJLp t jlj 0j ^jisLu ^^U"- jUUf jl • iljj C-o_jJe>j 

s j*f- j t, jljL L (^jLjT jl a«j i!Ui- ^1? .* ji k_^T jJuLa ( _ji^> <• 

^ j J4> <■ J^jr^i t Vr 1 j'- 15 - 4 : or 4 3 Vr- 


(^^L-r* JIT* U^iSU^^k-AiVM 


t ■! I L^l ; | ■ llli 

. J j^Aj C-Jbli 
. i!L>- jU:^L^ j luU 

j 0-*U»—OJjJ k_J_^Je> jA ]oj\jSi jJ J/r'j lSJJ jJ jL^ jl^*l ijcs^ 4 jjJil* FC “ LPL <la>lj 

e j ^-\Jk> ji j j k' .A Aj ^jSsJ jjJuA C-jl-h* 


Ji\VC>\J >^)ilU Jjjy T (e) 

I j jla'-a <1 l* AjV jl oUtfj^a?- J .i)L>- • olij r ? j 



. U* A-JLj j jj iJ L>wJ i — 


. i}*~£> j i3‘k>- C~>^fc> j - 

. y 4j <]^J uliC»\ — 

. l> <JLj !a kI..»jLa-» J (_J jl-bL — 

• lT^O ^ f J*J- 

! (jj!l> 4 j"V jl ^-SvJ ji RJD jl JLi* J K 4j*JUa-* 

. ijjj JjU<_$ l ajN jj JuS"Ij L (_^>> y*^ ^Jajl J r‘ rf ‘' y. ~ 

• <J~^ 4 j L$ ^ ^ i_ iji> 4j w)I j ^^yiaJ I jP- l _ J ~* j jj - 

. ji 4j*V jl '*S -j jj — I^A _ i3i.>- Jajljj *t-*Jliu 

i jT —« £jU>- (_$ljlj-» j ill>- t k—<1 jjl jbj Ol y\ Ij ji pF (_gl 0..,*. ><*.<» 4_>JUaj* 

. oj-f- J { _f^ e j ‘ i3U- ji }y>?y* C-jjJ3j i j 

<^r *L-0 Jl \&> UV6 jl> joij^U-uN <a) 

• J^ y^ J KD jl Jx» 4j*JUaj 
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At 100 


creki)* 


jl jl J u-j! ^^-*1 


jl («—iil) 
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a U r jpiai) (_$' 4JjJ • C —<1 j O'l^- ^jL —; jl ^jj 

rJj j-5 jf jl j j-i ^ lM_>- j-5 i_s jjis c - .j jl; of j*» jj 4-S” (^x» 

•w J j-i o jl J j\Jt l]Ls>- i$J JJ* *Jj- 1 ( ^ ^ jl ^7* (_£^~““^ 

3 j*~* jA^~ 4-~- 4 Li IjLjl j j Ira ’■» ^jj\ jjjl jj . Ju^L A T . t ilj 3j^-J j" c (jl 

*S jl jl ( JLjLoJJ 3j ji j^ ^-fl ^ 4 j *S 3 jl jt \£j jJs »JkaI>- j! j3 <1 jJ j 
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uAjj J 1 \Sjiy*» ^ _ *' ^ 


( \ 0) |»Lj-S” jS^ t O — »1 eX»f (J— |_^JJ l^I^H ^ ^y 1 L.^ o jj jJit jJ L 

• c—<1 oJj/ C—o 4 j _fj>j u5'ji l J yj wT ' L "'Ji 

h „ 


In 


K = 


it r 


(Y-\?) 


C (t„“t 0 ) 

(cm) jjj ^L«-i = r Jj> j% ,jjl jJ 



V.V iSU- oJj> —yu-yi /'-* J—i 

. j j-i a*>- 1 ^ 'i 9 ) ,j5— *j t (cm) t n j i 0 j —I ^LiJjl = h, h n 

(e^C- i <c2„SJ <• AjL) 'l$ — t ( , t 

(cm c J^1? Jl>-Ij) jL*j1 j J5— ^y.j* ~ C 

. o—1 oJ— jS'i (Y — \ 9 ) jl^jjlLo j j jb Sj W i r t H<j C t_j 

j! iS^ji J o—1 ojjii l o — '1 -i-«j OjJu a£ <• C/r — > -^j ^lij! <Jj-L>- yl ji 

• b oT Jdj* ^ <j'y y 


j e-Ui J-£— yj'—— j ^jb c$L»j! Jl>- <l 5 o—1 yUL>- y»j-oi»»-» yjj ji'«*^N 
. -Lib ^y-i c)1 ij*JJ ^b*jl 0—1 jbj c5j*^ 01 

■ o—1 Jo yi yjj jA ji oS - y j jj y Vyj*-. aS yUloil- u< 

aJl-aS Joj\jJ, Jj)^ yil ^ySJjjJ^A oJ-U «-0< ^~£*—yjy ^ 8 y>- j£i-£ 

#^jb y* jy u- a? a5” ^Jajl^-i jj) K v ouIjla L (-lib W/r — 8 JjJ? 
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j' «0*T O— J <1 jl—T J-UJ j <Lr^ 4 —j 1 J^-c* oJ-U yj j yl ji 

yjj iji' • lt* y=~ yj 4 -^ aJ j* y^' J yS «j y- 5 *j'-b! 

*jl Jajlj— ji l.^ ~ fT oj aJo»L» <!^L*—* <S «o—1 jl j -i—1 j_i jjjl ^il—1^ 
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I i JA Ll~a j j i dLj L#-i ji_j~au (V — ^ ^ ) ^5*1 


jLLi Jjj - * /& <JU<»U j Y ~ya-i' 4j a j 4j bjjjA a Jui aili jLal 

tr - J J-i'-* j-r* <5' l Sjj j 4 (_r4— 11 - tr-j f_*J j 1 «-* 

. o~«1 4iijly ijii aJL^li i j~»j i ^ 1 j ^ 45 

jjjb J* • >*•*■» ij* oLij I j ^ia—' ^Uj jl J ^ e>l 
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ijJ i c—10.0012 days in 

1 K 

^ = 0. 0012 *S => K - 0. 75 m. day 1 

1 / 

= 0.0048 ^ =* d = 2 in 

L~ 




jl: 


<j oL«*i ijy* dJjL« h j CJ Auljj (t__jdJI) 

J<*jK jIJlL* ( wJ ) 


K j K h j! cyr S'y #0^1 
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• L5 ^j Jj? 9 

KmTja jf$U o f- 1 £ 

jJL-* OjI-la a£ o—I oJ-i J—SLjj yU ajV jl i3L>- I js^p jj> ULt 

(_jLijl I ji C—>l y^*-* Af y "VL>- jl y! Ajjaj ^jj . c— I OjLa.—J AjV L AjV Jpi 

. ii£ e-LftUlLa -UjLj 

0 T-> ^ JS^> iiU-A/V jl ^1 oLyr 

^jb jyli jA>jj 


Qj = K,D,i 
Q 2 = K,D 2 j 

Q = Q, +Q 2 =K,D,i + K 2 D 2 i 



ttttt 




* - 


"9 



JUjUVtf jl ^7^1 ok* (N ) JSLi 


JJ.L jj^-U ^ Ji oil* JjI !.■ •*> y ^ jlj LL* 


Q = K(D ( + D 2 )i 


K = 


K l D ^ K 2 D 2 

d ! + d 2 


kd = k i d i + k 2 d 2 




(b~\9) 


OT-^ JSLi) dU-i^U-t/if }\S\&y+* d^.yr 


xWx*: ; : ; : : :^: : r ; : : ; : >:* 

ill K !p5i 

•>xWx:::::::::::::::>;:v 

gj d{':'x 

: ; jbcJi hi 

4 , 


0 

-► 

rs 

X. 

d 2 

jL cJl hj 

" .. .. 

• 

T t t 


' 


dU> ^l**j*V jl j^ f—N ^ 


h vD 

V=K ^' i = 'k7 


^jb jyli 







































nv 




'• K .!, 11 2 = 


vD_ 

"kT 


Pi 

h = h. + h=v —- + —- 
' 2 l K . K 2 J 


Ji'S. 


L 


>-K " , h=v D| + D > 


D , + D 2 


D ,+D, 


K = 


K 


K 1 K 2° 


P + P D , K 2 + D 2 K | 

K 1 K 2 


(9-\9) 


jjjytJbj+i jl k->T 0 bjp j ^Um 0 \iyr 
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. (j-iL 
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ijiLc -Uo J-£-Lj P sjj JP' ^ 3 ' k ^--p* 7 - 3 ali j!oi_* /jj! aS o J ^J_,» 
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ljL>- Jjj 4j d...i jly ( j!jL*jI .1773 Jj* JuLi ^ ilJbu Jif>«J jl 
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